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Dear Mr, Leaiios

In accordance with the contraot between looal Water Utilities
Administration (INUA) and Camp Dresser & MoKee International Inc.
(co¥M) dated 14 October 1974, and amended on 10 August 1976, we take
pleasure in submitting this report,.

This report is presented in two volumes: Volume I which
ocontains the recommended plan and detailed analywis, and Volume II
which contains the support information common to all urban areas
covered in the contraote.

Extensive improvements and additions to the present water
gupply system are needed to overcomes current deficiencies and to
meet future requirements. The recommended plan is the result of
detailed alternative studies and extensive ocost optimization worke
While the cost of the recommended long-range water system faciliw
ties is substantial, we consider it within the people's abilitye

to-pp.v. ’

The feasibility studies were done primarily by the LWUA
staff assigned to CDM for on-the-~job training for the duration of
the contract. After guiding the counterpart staff and reviewing
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aoquired the necessary technical skills to carry on feasibility
studies on their owne
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FOREWORD

This feasibility study presents the recommended plan for the
upgrading and expansion of the water supply system of the San
Fernando Water Distriot (FER-WD). This study was made by the Looal
Water Utilities Administration (IWUA), with the teohnical assietance
of Camp Dresser and MoKee International Ince This study is the result
of many months of work in the municipality of San Fernando in Pampanga
Province, and is supported by extensive experience with other water
digtriots in the Philippines during the First Ten Provinoial Urban
Areas Feasibility Studies,

This study was prepared in two volumes: Volume I, the main
report, which contains the recommended plan and the methodology memow=
randa; and Volume II, which contains detailed background information
relating to specific seotions of Volume I, A complete understanding
of the two volumes would require roading the previously published
Water Supply Feasibility Studies Mathodology Manual (Volumes I and II),
a compilation of the handouts used in the six-month long training
seminar oonducted in 1975 by CDM during the First Ten-Area Feasibility
Studies,

The recommended plan is a technically and eoonomically feasible
program for providing the FER-WD adequate water supply up to the year
2000, The plan should not be viewed as a rigid plan; every attempt
was made to develop a plan compatible with the needs and desires of
the water district and of the peoples, However, during the final
engineering design of the recommended facilities, changes could still
be made. Design changes would be based en more recent field da%a,
changing priorities of the water distriot and more economical methods
of providing the recommended facilitiesme Any changes considered in
the final design should help to further reduce the expected finanoial

impact of the projecte.

While the main objective of the Second Ten Provincial Urban Areas
Feasibility Studies was the preparation of feasibility reports,
another important objeotive was the training of Filipino counterpart
engineers in water supply projeot planning. The truining program
which inecluded leotures and on=-the-job training aimed to develop
local planning capability for water supply projecis. The Filipino
engineers learned by aotually doing the work, with the CDM consultants
providing the necessary expertise and guidance.

The following have contributed significantly to the development
of the water supply feasibility stvdies for FER-WD3

Wilfredo Sevilleja, Counterpart Chief Engineer
Reginald Abustan, Group Leader



"Renato Navarro, Assistant Oroup Leader
Roberto Binag, Professional Engineer
Reynaldo Tabao, Professional Engineer
Jean Casten, Economist
Celso Razal, Jr., Economist
Lourdes Gutierrez, Technical Hriter
Dionisio Polintan, FER-WD General Manager

The following project staff members have also contributed to
the technical/mon-technical work of the studiess

Mario Bermejo, Professional Engineer
Luisito Lacerna, Professional Engineer
Rommel Liamco, Professional Engineer
Moliton Avillanosa, Field Techniocian
Alberto Machioca, Draftsman

Meredith Marafio, Secretary/Typist
Ceasar Florendo, Printing Assistant
Diosdado Burca, Printing Assistant

. - 'The following consultanis have provided the guidsanoe during
. -%he.studiess . kv 3

James Arbuthnot, Chief Engineer

- Eugene Rumph, Hydrogeologist
‘James de Young, Water Supply Engineer
Bruce Conklin, Systems Engineer



Organixations

ADB
BAN-ND
BAY-WD
BIS-HD
CAL~4D
CDM
COT-HD
DCCh

FER-D
GAR-HD
IBRD

LB=WD
LWUA
. RN

NEDA
NIA
NWRC
OLO-WD
PAGASA

ROX=4WD
SIL~WD
URD~WD
USAID

Units

AC
cCcI
CI

oum
oumd
ound/ha
cum/hr/aqkm
oumd/m
oum/mo
oun/sqkm/yr
FEC

GI
05

LIST OF ABBREVIATIONS

Asian Development Rank

Bangued Water Listriot

Baybay Water Distriot

Bislig Water District

Calambz Water DTistrict

Camp Dresser & MoXee International Incea

Cotabato City Water Listrict

Dosign Corsultation Construction and
Develorment Engineering Corporation

San Farnando Water Listriot .

Gapan Water District

International Pank for Reconstruotion
and Develorment

Los Bafios Water District

Local Water Utilities Administration

Metropolitan Waterworks and Sewerage
System (formerly National Waterworks
and Sewerage Authority or NJASA)

National Economic Ievelopment Authority

National Irrigation Administration

National ater Resources Council

Olongapo City ilater Distriot

Philippine Atmospheric, Geophyaical and
Astronomical Services Administration

Roxas City Water Distriot

Silay City Water District

Urdaneta Water Tistriot

United Statss Agency for international
Development \

ashestos cement

centrifugally caat iron

cagt iron

centimeter

cubic meter

cubic meter per day

oubic meter per day per hectare ,
cubio meter per hour per sjuare kilometer
cubic meter per day per meter

cubic meter per month ,
cubic meter par square kilometer per year
foreign exchange componant

galvanized iron

galvanized steel .



1ps/m

PVC

RU
8qkm
sqmd.

hecture
hydranlio grade line

hour

kilogram

kilometer

liter per capita per day
liter per day

1iter per second

liter per second per meter
meter

metexr per heoctaras
milligram per liter
minute

millimeter

millimeter per year

month : '
meter per second

mean see level

percent

Philippine peso

logarithm (base 10) of the reciprocal of the
hydrogen ion concentration in Wwater, moles
per liter

polyvinyl chloride

reveriue unit

sqiars kilometer

squers meter per day
United States dollar

year



CHAPTER I

Chapter II

CHAPTER III

CHAPTER IV

_CHAPTER V

TABLE OF CONTENTS

SUMMARY AND RECOMMENDATIONS

As Summary of Studies
Be Recommendations

INTRODUCTION

Ae Pirst Ten Provincial Urban Areas
Be Second Ten Provinoial Urban Areag

Ce Historical Baockground of San Fernando

Water Distriot
DESCRIPTION OF THE WATER DISTRICT

Ae Physical Description
Be Population

Ce Living Conditions -
D. Eoonomy

EXISTING WATER SUFPLY FACILITIES

A General

B, Haterworks Facilities

Ce HWHater Quality

D. Water Use Profile

E, Hydrauvlic Survey Data

F. Computer Studies

O0s Defioiencies of the Existing System
Amnex IV-D Pilot Area Survey
Annex IV-¥ Hydraulio Survey Data

FEASIBILITY STUDY CRITERIA

Ae . General

Be Planning Criteria

C. Design Criteria

De Eoonomic and Finanocial Criteria
E. Basis of Cost Estimates

F. Implementation Sohedule

J=1.
. Tw3

IT=1
II=2

II-3

III=1
IIT-2
I1I=4
III-4

V=i
Iv-1
V-3

IV~T
IV=9
IV-9
IV-Dw1
IV-E~1



CHAPTER VI

CHAPTER VII

CHAPTER VIII

CHAPTER IX

. CHAPTER X

FOPULATION AND WATER IEMAND PROJECTIONS

Ao
Be
Ce
D,

General

Population Frcjecticrs
Projections for Served Fopulation
Hater Demand Projections

WATER RESOURCES

Ae
Be
Ce
De

General

CGroundwater Rescurces

Surface Water Rescurces

vdater Quality of Fotential Sources
Annex VII-B Groundwater Resouroces

ANALYSIS AND EVALUATION OF ALTERNATIVES

Ae
B,
Co
D.

Ueneral

Hater Supply Source Altsrnatives
Treatment Alternatives
Distribution Alternatives

Annex VIII-B Schedule of Faoilities for

Alternative Studies

DESCRIPTION AND COST OF RECOMMENDED PLAN

A.
Be
Co

D,

General

Immediats Improvement Frogram

First Stage of the Long~Term
Construction Program

Second Stage of the Long-Term
Construction Frogram

Capital Cost Summary

Annual Operation and Maintenance Costs

Sewsrage/Drainage Concepts

Management of vater Resources

Updating the ¥Water Supply Master Plan

Environmental Considorations

Annax IX-C Distribution System Growth

FINANCTIAL FEASIBILITY ANALYSIS

Ay’

B,
Co
D,
E.

General

The Eristing System

Devalopmant Costs

Operating and Maintenance Costs

Financing Policies Covering Local
dater District Development

Vil
Vi
VIl
Vi-9

" VII=g

ViI-l
ViI-14
VII=15
VII=B~1

VIIl=1
VIiII=1
VIII-2
VIII-3

VIII~Bw1

" Tt

IXw=3

" IX=10

IX-26
IXe32
IXw32
IXw32
IX~41
IX-41
IX-41
IXC1

Xomq
X1
X2
X3

, 'x.3



Funds For {apital Dsvelopment

Anelysiz of Water Rates

Financisl Summery

Financizal Recommendations

Aunex X=C Developmsant Costs .

Mnex Z-F Fundaa for Capital Development
Annex X-{! Analysis of Water Rates

Annex X~H Financial Summary

CHAPTER XI  ECONOMIC FEASIBILITY ANALYSIS

Water and the Economy

Methodology

Quantifishle Benefita

Non-Quantifiable Bensfits

Eoconomic Costs

Benefit-Cost Analysis

Internal Economic Rate of Return

Annex XI»C Quantifiable Bsnefits

Annex XI-E Economio Costs

Annex X1~G Internal Economic Rate of
Return :

METHODOLOGY MEMORANDA

1s
2,
3.

4o

5e
6o

Pilot Area Survey
Estimating Hater Accountability
Classification of Water Distriots
According o Future Water Requirements
Probability Analysis of Stream Flows
by Qumbel '
Quantity of Storage Versus Rate of Supply
Eagonomical Sizing of Pumped Waterlines

. Xeb

X7
X=15.
X=16
P
X1
X1,
XeaHt,

XIw1

XI=4
XI=-6
XI=T
XI~10
XI-11
XJI=Cw=1
XTmBeet

XI=G=1

MM 1~1
MH2=1

10é4~1
MU5-1
M6~1



IV=ii=3

IVelem]
IV-E-8
IV-E=~9

VI=t
VI-2
VI=3

Vii-1
VII-2
VII-3
VII-4

' VI

r ‘V; I=6

VIT=B~1
VIX=B=2

LIST OF TABLES

Summary of Proposed Water Supply Improvements

Capital Cost Summary

Cost Summary of Immediate Improvement Program
and Construction Stage I FPhase A

Anmnual Operation and Maintenance Costs

Climatological Data

Municipal Population Characteristios

Classiflcation of Households by Type of
Facilities

Reported Morbidity wnd Mortality Due to
Water-Borne Diseases

Summary of Distribution Piping by Size,
Material and Age
24~Hour Pressure Recordings on Distribution
System
Water Quality Test Results
Test Data at Pump Station No.
Test Data at Pump Station No.
Test Data at Pump Station Nos.
Test Data at Pump Station No. 4
Test Data at Pump Station Noe 5
Data on Hydrant Flow Test Noe 1
Data on Hydrant Flow Test Noe. 2
Data on Hydrant Flow Test Noe 3
Data on Hydrant Flow Teat No. 4

[PV N PN

Service Area Population Projections
Served Population Projections
Yoar-by-Year Projections of Served Population

Specific Capacity Versus Depth
Specific Capaocity Versus Casing Diameter
FER-WD Well Pump Test Results
Static Water levels near San Fernando
Poblacion
Water Quality Test Results
Potential Sources
Conductivities of Handpump Well Naters
Water Well Data Summary

-Constant Rate Pumping Test = CDM Well No. 3

Page
I~
I5
I-T

III-=2
IIl=3

1115
III-6



VII=B~3
VII=B-}
VIX=B-5
VII=D~6
VII=B~-T

VIII=1

VIIi=2

VIII=B~1
IX=-1
IX=2

IX=3
IX=d

TX5
IX-6

IX=7
IX-8

IX~9
IX=10

‘IX=11
IX~12
TX=13
TXeC=1
TX=C=2
IXwC3

IX=Cd)
TXeC5

IX=C~6
IXeCw7

IXw=C~8

IX=C-9
IX=C=~10

Constant Rate Pumping Test «~ CDM Well No, 4
Constant Rate Pumping Test - CDM Well No. 5
Constant Rate Pumping Test = CDM Well No., 6
Constant Rate Pumping Test - CDM Well Noe. 7
Constant Rate Pumping Test = CDM Well No, 8

Alternative Storage Versus Additional Supply
Analysis

Alternative Analysis on Operational Problem

Economic Service Life of Water Supply
Facilities

Distribution Pipelines, Immediate Improvement

Progranm !

Construotion Cost Summary, Immediate
Improvement Program

Phase I-A Distribution Pipelines

Cost Summary for Construction Stage I
Phase A '

Phase I~B Distribution Pipelines

Cost Summary for Construction Stage I
Phase B .

Phage II-A Distribution, Pipeline

Cost Summary For Construction Stage II
Phase A

Phase II-B Distribution Pipeline

Cost Summary for Construction Stage II
Phase B

Capital Cost Summary

Annual Operation and Maintenance Costs

Average Daily Wastewater Flows

Served Population Projections

Total Service Area

Net Area To Receive Internal Network for
Individual Communities

Total Area Served by Internal Network
by Construction Phase

Net Area Served by Egquivalent Network
System by Construction Phase

Schedule of Service Connecotion Installation

Schedule of Service Connection Installation
by Construction Phase

Schedule of Fire Hydrant Installation
by Construction Phase

Computer Printout Year 2000 Peak~Hour

Computer Printout Year 2000 Minimum Flow

VII=B-15
V1I=B=16
VII=B=17
VII-B~18
VII=-B=~19

VIII-6
VIII=-10

VIII~-B~1

IX5
IX=11

| IX-16

IX-19
IX=22

IX=23
IX=27

IX=29
IX=-31

IX=33
IX=35
IX=35
IX~39
IX-Cm2
IX=C~3

IX=C=df
IXC=6

IX~C=T
IX=C-8

T
IX~C=10

IX-C=12
IX=C=22



X1 Projeoted Cost of Recommended Program | XeCoe

- Xealm2 Pro jected Cost of Recommended, Program
(Escalated) XCm2
)0 Asset and Depreciable Value Foreoast Xe=F1
XFa2 Schedule of Depreciation Expenses wF3
).C ] Horking Capital Requirements ' XoPond]
XF-da Stratification of Service Connections . el
X=Fedb Revenue Unit Forecast Xe=Foehy -
XeG=1 Revenue Forecast X1
XeH~1 Debt Service Schedule of Total Projeot Loan XeHw1
Xellm2 Projected Income Statement Ko w2
XeH=3 Projscted Sources and Applioations of Funds XwHe3
XeoHewd Projected Balance Sheet X=H=d4
) C L)) Rate of Return of Total Investment X=H=5
XIwCw1 Portion of Inoreased Land Values Attributable
to Project XI=C=2
XI=G=2 Health Benefits XI=Cmb
XIwCe3 Reduction in Fire Damage ‘ XI=C=7
XIeCd Beneficial Values of Water XI=C=10
XIwE=~1 Conversion of Finanocial: Cost to Eoonomio
Cost , paC -y |
XT-E=2 Replacement Cost XIwEe2
XImEw3 Salvage Value in 2001 XIwE3
XI=E=4 Summary of Economic Cocts XInfd
p &t o | Internal Economic Rate of Return XI~G=-1
MM3=1 Water District Grouping Criteria M3-2
MM3=2 Water Demand of Water District Groupings MM3-26
MM3=3 Summary of Cities/hur.icipalities Subjeoted
to the Water District Grouping Criteria MM3-10
MM4 =1 Mean-Day Discharge per Month MM43
MM4-2 Mean Flow (Pefiaranda River, San Vicente) Ui 7 B ]
MM6=1 Sample '"EVF" for Different Flow Patterns MM6=6

MM6=2 "EVF" for Distributicn System MM6-8



II-1
III-1
III-2.

IVl
IV=2
IVl
IV=E=2
IV-E-3
IV=E-4

IV=E-6

IV=E=7

IV=E=8

IV~E-Oa
IVetl=9b
IV=E-10
IV
IVaB=12
IValleu13
IVaE=14
IV=E~15
IV-E~-16
IV=Ew17
IV-E~18
IV-E~19
IVE-20

V=1
V=2

VI=1

VI=3
VII=1
VII-2
VII=3

VII-B~1
VII=B=2

LIST OF FIGURES

Location Map
Loocation Map
Climate Map

Exigting Faclilities

BExisting Water Distribution Faoilities

Pump Performance Curve at Pump Station No. 1
Pump Performance Curve at Pump Station No, 2
Pump Performance Curve at Pump Station Noe 3
Pump Performance Curve at Pump Station Nos 4
Pump Performance Curve at Pump Station Noo 5
24-Hour Discharge Pressure at Pump Station Noe
24=-Hour Discharge Pressure at Pump Station Noe
24-Hour Discharge Pressure at Pump Station No.
24-Hour Discharge Pressure at Pump Station No.
24~-Hour Discharge Pressure at Pump Station Noe
24-Hour Discharge Pressure at Pump Station Noa
24-Hour System Pressure at Fire Hydrant Noo 6
24-Hour System Pressurs at Fire Hydrant No. 7
24=Hour System Pressure at Fire Hydrant Noe. 9
24-Hour Systerm Pressure at Fire Hydrant Nos. 13
24-Hour System Pressure at Fire Hydrant No. 14
24~-Hour System Pressure at Fire Hydrant Noe. 15
Hydrant Flow Neasurement No. 1

Hydrant Flow Measurement Noe. 2

Hydrant Flow Measurement Nos 3

Hydrant Flow Measurement Noe. 4

Water Acocountability First 10 Cities
Projeot Implementation Schedule

Present and Future Service Area.
Population Projection
Projected Water Demand

Well Looation Mep
Groundwater Contours, Central Luzon Plain
General Design-Gravel Packed Well
Rotary Drilled
Well Data Sheet =~ Well CDM - 2
Well Data Sheet —~ Well CDM = 3

Following

II-2
III-2
III-2

IV=2
Iv-2
IVeE=7
TV-E~T
IV-E=]
IV-E-T
IV-E~T
IV-E~]
IV-E~T
IV-E=T]
IV~E=]
4 TIV=E~]
5  IVeBe]
TV-E~T
IV-E-T
IV-E=]
IV-E=T
IV=Ew]
TV-E=]
IV=E=]
IVeET]
TVeE=T
TV=E=T

N UV \ PN

Va2
V-5

Vi=2

Vi-4
VI=10

VII-2
VIiI-2

VII=12
VII=B=19
VII-B=19



VII&B=3 ¢
VII<B~} .

VII=B-5
VII=B=6
VII=B~T
VII=B~8
VII=B~9
VI I—B-‘l 0
VII—B-ﬂ 1
VII-B—‘I 2
VII-B—1 3
VII;;-B—M

VII=B=15

VII-B=16

VII~B~17
VII=-B~18

VIII=1:t
TXat:
IXw2:
TXw3 -
IX~d
IX<5-

Wi
51
MH5=2
1M46=1

WHG-2
HHG-3

Well Data Sheet « Hell CDM -~ 4
Well Data Sheet = Well CDM = 5
Well Data Sheet =~ Well CDM « 6

+ 1ell Data Sheet = Well CDM - 14

Hell Data Sheet — Well CDM -~ 17

Well Data Sheet -~ Well CDM - 27

Well Data Sheet ~ liell CDM = 69

Constant Rate Pymping Test,
Pumping Well CDM =~ 3 .

Recovery From Contant Rate Pumping
Test=Pumping Well CDM = 3

Constant Rate Pumping Test Obeervation
Well CDN - 3

Recovery From Constant Rate Puvmping
Test Ovservation Well CDM = 3

Constant Rate Pumping Test-Pumping
Well CDM - 4

Constant Rate Pumping Test-FPumping
Hell CDM = §

Constant Rate Pumping Test-Pumping
Well CDH ~ 6

Constant Rate Pumping Test-Pumping
Well CDH ~ 7

Constant Rate Pumping Test~Pumping
Well CDM -~ 8

Fire Proteotion Area

Recommended Facilities

Immediate Improvements N
Projected Water Demand and Supply
Schematic Plan of Distribution System
Existing Sewerage/Drainage Facilities

Monthly Mcan flow (Pefiaranda.River, San .

Vicente)

Daily Usage Pattern

Storage Required to Meet Daily Peak
Water Demand

Most Economic Water Transmmsion

Sample Flow Patterns :

Typiocal Flow Variation for D:lstr:l‘but:lon
Mains i SR AR !

VIIwB=19
VII~B~19
VII~B~19
VII~B=19
VII-B~19
VII~B-19
VII-B~19

VII-B=19
VII=B=19

VII<B=19

ot

VI I-B-1 9

‘\-»

VI I-B-1 9

VI I-B-‘I 9

VII—B—19
fond
VII=B«19

VII~B=19

VIIT-8

(Appendéa)
g

IX-14
IX=18
IX-32

WY=b
MM5=2
MM5~3
64
MM6=6
MMG~8



CHAPTER I SUMMARY AND RECOMMENDATIONS
"A.  SUMMARY OF STUDIES

Description

The San Fernando Water Dietrict (FER-WD) was formed on 16 December
1976 by virtue of Resolution No. 94 of the Sangguniang Bayan (municipal
counoil) of San Fernando. The FER-WD inoludes the entire munioipality
of San Fernando in the Pampanga Province. Following ita formation,
. FER-HD .acquired the ownership and management of the entire water system
in accordance with Presidential Decree No. 198 (The Provincial Water
Utilities Act of 1973).

San Fernando is situated in the southeastern portion of Pampanga
Province on the Central Plain of luzon., San Fernando consists of 34
barrios and its poblacion with a total land area of 90 sqkm.

The population of San Fernando was 84,362 in 1970 and is consi-
dered 100 percent urban in composition.

Existing Water System

The existing water system of FER-WD watc originally constructed
in 1929 with a well as its original .source of supply. Four additional
wells were constructed in later years. The production of the five
wells was estimated to be 3,980 ound in Kay 1977.

Storage facilities for FER-WD coneiet of two 380-cum conorete
elevated storage tanks locateu in barrios Lourdes and Dolores. The
tank in Barrio lourdes is presently not used due to iis poor struc=-
tural condition. The tank in Barric Dolores is boing used on a
"filleand-draw' basis.

The distribution system consists of about 13 km of 50, 75, 100,
125 and 150-mm pipelines. Most of the pipelines are cast iron and
were constructed in 1929, There are about 23 known valves and 54 fire
hydrants in the systom.

Projections

The present service area of FER-WD includes the more densely
populated sections of the poblacion (which inocludes barrios Stae
Teresita and Lourdes) and the barrios of Sta. Lucia, San Pedro,
Dolores, Juliana, Del Pilar, San Jose, San Juan and Sto. Nifios The
service area is expected to include the barrios of San Nioglas, San
Agustin, San Felipe, Quebiauan, San Ieid.ro and Del Rosario.by the
Year 2000,

The population in the FER-WD service area was 76,549 in 1975 and
is projected to increase to 165,210 by the year 2000, During the same
period the population served by the FER-WD i.s expected to increase
from 8,715 to 109,580,

I=1
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The per capita demand of water is expected to be 230 1pcd
in 1980 with a total average daily demand of 3,910 cumd. The per
capita demand is expected to decrease to 220 lped in 1990 due
to improved water accountakility and then increase to 225 1pcd in
2000, The estimated total average daily demand is 12,020 oumd in
1990 and 24,660 cumd in 2000,

Water Resources

San Fernando is loocated over a fairly good, widespread, rela=
tively uniform aquifer that probably can supply all its projeoted
water demands past the year 2000 from deep wells each producing
30 1ps or more. The quality of the groundwater is expeoted to be
favorable with no treatment required other than disinfection. How=
ever, the regional drawdown effects of wells in FER-UD may become
criticale Overproduction of groundwater is inevitable and is al=
ready occurring. The static water level has declined over 8 meters
in about 20 years at the present rate of pumpinge This overproduction
will result not only in higher production costs but also in salini-
zation of the groundwater that will limit or destroy its usefulness.

Induced infiltration wells drilled in the sands and gravel of
local river floodplains were also considered., However, such wells
are not practical because: (1) the water of the smaller rivers and
of the lower reach of the Pampanga River is frequently saline, and
(2) all of the rivers are incised in narrow channels, consequently
lacking the broad sandy floodplain deposits necessary for the successge
ful operation of induced infiltration wells.

Three surface water sources were also evaluated as potential
sources for FER-WD. One potential surface source, using a number
of small rivers close to San Fernando, including the San Fernando
River which runs through the poblacion, was discovered to be un-
desirable for water supply., The water is too saline and the minimum
flows are too low for the FER=-WD requirements in the year 2000, The
other two potential surface water sources, the Pampanga River
and the rivers of the mountains 20 km to the west of San Fernando,
are technically feasible but their use would require treatment and
transmission facilities,

Alternative Studies

Present worth analyses show that groundwater from deep wells within
the San Fernando service area is the most practical and economical
water source for FER-WD over the project planning periode Surface
water sources or induced infiltration wells from the Pampanga River
were also analyzed and found not to be cost~effective for FER=WD.
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An economic analysis of storage requirements versus supply
capacity shows that, in the FEZR-WD, providing additional pumping
capacity to meet hourly fluctuations in demand would be less costly
than providing extra storage volume. It is recommended therefore
to provide source facilities capable of supplying peak-hour demands
and minimize storage capacity.

An analysis of pressure requirements in FER-WD indicates that
the system could be operated satisfactorily from ocne pressure zone.
The requirements for the distribution system were analyzed with the
aid of a computer and the recommended system is included in detail in
Chapter IX.

B. RECOMMENDATIONS

eneral

. A water supply system utilizing wells located throughout the
FZR-WD as the source is recommended for FiR-WD. Construction of new
wells and improvement of the distribution system and administrative
facilities will be implemented during an immediate improvement pro-
gram and a long=-range construction program divided into four phasese
The salient features of the recommended long-term projeot for FER=WD
are summzrized in Table I-1 and shown in Figure IX-1 (appended).

Source

In the year 2000 a total of 14 wells have been constructed to
meet most peak=hour demand conditionse Each well,with a capacity

of 2,725 cumd will be constructed, complete with pumphouse, misoellaneous

mechanical equipment and chlorination facilities. Some wells will be
equipped with dual drive facilities to meet average-day water demands
during power outages. Pumping levels shovld be carefully monitored

to determine the effects of future'groundwater pumping in this region.

The FER-WD should file an application with the National Water
Resources Council to secure rights to water sources that they intend
to exploit in the future,

Distribution Facilities

The existing distribution system will be largely replaced by the
year 1990 and will be expanded to serve 6 barrios in addition to the
poblacion and 8 currently served barrios. Approximately 41 km of
pipelines varyinz from 100 to 250 mm in diameter will be constructed
as replacement pipelines or new pipelines by 1990. By 2000 another
12 km of distribution pipelines will be constructed.

The FER-YWD will install internal network pipelines to cover about

660 hectares and add 18,700 new service connections to the existing
system by 2000, All of the existing and new services will be metered.
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Construction Period

Total Project Cost (P x 1000)
Foreign Exchange Component*
Source Development

Distribution

Storage

Internal Network
Service Connections
Hydrants

Miscellaneous

TABLE I-1

SUMHMARY OF PROPOSED WATER SUPPLY IMPROVEMENTS
SAN FERNANDO WATER DISTRICT

Immediate
Improvement —_— Construction Phase
Program I=A I=B II-A 11-B
1978-1979 1380-1985 1986-1990 1991-1995 1996~2000
8,254 14,411 12,869 17,371 16,760
34965 6,954 51355 1,912 7,626

Obtain legal water Construct 2 addi- Construct 3 addi- Construoct 4 addi- Construct 4 addi~

tional well pump tional well pump tional well pump
stations. stations. stations,

rights, complete
1 new well pump
station,.

See Table IX-1
100 mm - 901 km
150 mm = 5,2 knm
200 mm - 506 km
250 mm ~ 0,15 km

See Table IX=3

100 mm - 1.6 km
150 mm = 4.0 km
250 mm = 0,10 knm

See Table IX-5
200 mn - 4.1 km

See Table IX=7
200 mm =~ 5,6 km
250 mm = 1,0 km

- - Construct new -

380 cum elevated

storage tank,
Leakage survey 151 hectares 99 hectares 216 hectares
an? repair R
Repair 125 Repair 1,120 Add 3,015 Add 5,400
Add 1,250 Add 3,620 e e
Repair existing 468 hectares 115 hectares 248 hectares -
hydrants i S
Administrative

facilities and
equipment, plumb-
ing shop and
equipment,
vehicles.

tional well pump
stations,

See Table IX-9

250 mm = 2.2 km

195 hectares

Add 5,410

22}; hectares

*#4l] foreign exchange figures used in this report were synthesized from data based on actual costs in U.S. dollars.
To be ccasistent with previous sudies, these foreign exhchange costs were converted to R.P. pesos at a rate of U.S.

31.0 = R.P. ?7'0.

ratio of the current exchange rate and 7.0.

To obtain correct current foreign exchange costs, multiply those presented in this report by the
The actual local ocomponent of costs (in pesos) is as presented herein.



Storage

The existing 380-cum elevated storage tank in Barrio Lourdes
will be completely abandoned while the other 380-cum elevated
storage tank in Barrio Dolores will be adequate through Fhase I=A.
During Phase I-B, 380~cum of additional storage will have to be
oonstructed at the site of the Barrio Dolores elevated storage tank.

Capital Cost Summary

The capital costs for each phase of construction, including the
immediate improvement program, are summarized in Table I-2. A more
detailed breakdown of costs for the immediate improvement program
and Fhase I-A is given in Table I=-3 (July 1978 price levels).

TABLE I=2
CAPITAL COST SUMMARY

Construotion Construction Construotion Project Cost (P)

Phase Period Cost (P) Looal FEC# Total
Immediate
Improvement
Program 1978=79 6,577,700 4,288,900 3,965,000 8,253,900
I=A 1980-85 11,660,500 7,456,900 6,954,200 14,411,100
I-B 1986=90 10,312,100 7,314,200 5,554,900 12,869,100
1I-A 1991=95 14,017,000 9,458,900 17,911,800 17,370,700
I1-B 1996-2000 13,534,800 _9,133,800 _7,625,900 16,759,700
Total 56,102,100 37,652,700 32,011,800 69,664,500

Annual Operation and Maintenance Costs

Annual operation and maintenance costs are expenses incurred for
personnel salaries and benefits, power, chemicals, maintenance and
miscellaneous expenses. Estimates of the annual operation and maine
tenance costs of the water district (based on July 1978 price levels)
are given in Table I~4,

Financial Feasibility

The finanoial tlasibility analysis made for the study establishes
a detailed set of guidelines that the water district management may
use in making decisions during the next few years. A plan has bheen
developed to indicate the manner and time funds will be used to operate

S 31000 = ?7.00
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TABLE I-3

COST SUMMARY OF IMMEDIATE IMPROVEMENT

PROGRAM AND CONSTRUCTIOW

STAGE I FHASE A

I1tem Local

Imnediate Improvement Progrem
Source Faocilitien

Vell and Pumphouso 431,000

Disinfection Facilitios 25,600
Distributien Facilities

Laakare Dotection 2nd Repair 74,700

Distribution Systom Pipolineo 1,748,000

Sorvico Comaectican
Installatica, Ccaversion and
Ropair 523,300

Administrativo end Miscallaneous '
Adminigirative Building & Equipment 400,600
Laktoratory, Plumbing & Mster

Repair Shop & Equiprent 195,700
Vahiclos 60,000
Hincellenacue 5,000

Total Construction Cost 3,463,900
Contingenocios 490,300
Enrincoring 232,400
Lend Costa 102,300
DOTPAL PROJEC? COST 4,268,900
3tams 1 Thaco A Cenatruction
Source fnaoilitien 1,835,600
Pipalinos end Valven 1,400,200
Internal Notuork 912,500
Pire Hydrenin 384,700
Sorvice Connoctions 1,622,600
Total Construotion Ceot 64155,600
Contingenoies 842,200
Engineoring . 391,600
Lend Costs 67,500
TOTAL PROJECT COST 7+456,900

*US 3100Q = ?7000

I-6

Foreign*

122,000
69,200

93,700
1,642,200

882,300

55,800

180,600
60,000
8,000

3,113,800
419,500
431,700

3,965,000

798,900
1,440,100
656,600
532,000
2,077,300

59504,900
721,900
727,400

Cmos

+ 649545200 .

o

553,000
94,800

168,400
343904200

1,405,600

456,400

376,300
120,000
13,000

6,577,700
909,800
664,100
102,300

8,253,900

2,634,500
2,840,300
1,569,100

916,700
34699,900

11,660,500
1,564,100
1,119,000

67,500

14,411,100



‘TABLE I~

ANNUAL OFERATION AND MAINTENANCE COSTS (P)

Item 1971 1980 1990 2000
Administration and Personnsl 102,300 181,000 359,200 542,200
Power and Fuel 125,000 176,000 510,600 1,031,600
Chemiocals - 32’100 91’300 184,000
Maintenance 51,000 67,500 161,700 403,100
Miscellaneous * 10,000 13,300 34,500 89,500

t

Total 288,400

469,900

1,157,300 2,250,400

and maintain the system; implement the program; establish reserve funds}
and retire the indebtedness. Water rates have bsen developed on the

basis that the system will be financially self-supporting. These rates
appear to be within the ability-to=pay of the average FER-WD householder.

The recommended water rates by revenue unit are as follows:

1978~1980
1981-1984
1985~1987
1988~1590
1991~1993
1994-1996
1997~2000

Ratezgg

P0.75
110
1420
1.30
1450
1.70
1.90

It is recommended that the implementation of these rates follow
a socialized pricing policy to make the financial burden on the con=

sumers proportionate to their ability-to-pay.

A sample soocialized

rate structure for 1978~1980 that would generate sufficient revenue

is as followss

Uasge
er month

first 16 cum
from 17 to 24 cum
greater than 25 ocum

Cost
r cum

P0.85
1.85
2.45

Borrowing requirements will inolude ?9.837 million from 1978
to 1981 for the immediate improvement, program; ?20.469 million from
1979 to 1985 for FPhase I-A improvements; and 21,298 million from
1986 to 1990 for Phase I-B improvements.
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Economic Feasibility

The recommended improvements to the FER~WD water supply system
will bring about numerous economic benefits to the study area. Eco~
nomic feasibility studies show that the benefits will exceed the costs
asgociated with the development and operation of the water system.

Two approaches were adopted to determine economic feasibility:
the benefit~cost ratic and internal economic rate of return (IERRK.

In both approaches, four benefits valued at 1978 prices were included
and discounted at 12 percent. The benefits considered are increase in
land values, health, reduction in fire damage and beneficial value of
water. Analysis shows a benefit~cost ratio of 1¢52t1 and an IERR of
42 . 72 percent,

I-8.



ez, CRARFER 55 MNFROTUCTION .,

pdi o3 dremhy mnn?m%ﬂw Pﬁomq%mws 4 Or

—rzk @8 T Dike H0T DiyngT ot

2k 4311: qmme@ aﬁ eq,mﬁqﬁm iieter Utilities Ads 1-
trat (LWUA, rReser, & rnational  Inc,

oo 14 Ootober 1 19rz4 m:o piand fos. ‘;;i,l,‘giy atudies, £o3 m’
~Birst Ten Provinoial :Uxban Ar ea (am,ﬁs}me XYeA)a s he, Zeanir -
bility studies are part.ofy LWUA’s effort to develop basi water . o3
supply plans for provinoial urban areas of the Philippines. ..:.v.

- During the first 10-8rea project, training seminars.forLWUA
engineers were conducted ty.the CDM staff. "The Methodology Menual
i3 for Water Supply Foasidility: SBtudies” was slso developed and printed.
~uin addition to the 10 areas, prefeasibility studies were made for :

W31 oities/mnicipalitiess/. As of August 1976, the feasibility..;
studies were completed and submitted to LWUA, vy o) odd

-[~ The studies for five of the first 10 areas -~ Cebu, Zamboanga,
Daot, Ozamiz and Butuan - have been appraised hy the Asian Develop-
ment Bank (ADB)s On tho basis of the interim reports, the ADB ex-
tended & $16.8 million loan to LWUA in Deoamber 1975 to provide
design engineering services to these 5 areas and to implement Phaae
I-A of the recommended long-term consiruotion program (except Cebu
whose share of the loan covered only emgineering services)s In
August 1976, the Unjited. States Agency for International Development
(USAID) signed a $1Q million -lopy: with -LHUA, to, prq‘g:dngqgineering
services and fuynds :for the implamenta.t,ion oﬁgth;g.,ilqteq.tm
ments of selected waterworks oovered Yy the prefeasibi tudiea.
J};) 'l.'l),[ the . Intm;n,a.ti,onal Baxls .for Racanstruot d,Develop-

&(‘ logated b .§ m rtowa.:ds the final %gi@ and
1 phaae implement: a., 2 0f kb remainins five of the first
10 areas, namelys Lipa, luoena, Tarlac, Cabanatuan, and San Fer-
oo 3La Tnion).
oaigr!

— e

-/A background on LWUA is given in Volume II, Append:l.x D.

-/ Refer to Appendix B for summary of first 10-area feasibility
studies.

;}/ Refor to Appendix C for summary of prefeasibility stwﬂ:les
it of 13t oities/mmicipalities. A
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B. SECOND TEN PROVINGIAL UREAN AREAS

On 0 August 1976, LWUA and CDM signed an amendment to the
original study contract, eéxtending the fedailiility studies to in-
olude the Second Ten Provincial Urban Areas!3( théds dbe Uradieta,
Gaptn, Calamba, Bislig, Silay City Ba.dgua&,, bqy. Roxas: City, -
Cotabato City, San Ferndndo (Pasy in oﬁ px and Lok~ -,

8 (see Figure IJ«1). mm 26pb db bhmeal. finanw
oial and économic studids for the i!npruvement of th'a water s\ipply
system in San Fernando, Pampanga.

The dollar component of the second 10~area feasibility studies
has been financsd from proceads of & loan to the Government of the
Republic of the Philippines from the United States of America through
the USAID, loan No« 4921704001 dated 9 September 1976. The peso oom=
ponent of the studies, approximately 41 percent, has ‘been timded .\
the Government of the Philippines.

The stu ntraot for the aaoond 10 a.reas ino},udas the fol=—
lowing tasks: t
1« Training of counterpart LWUA engineers through on~the~job

asgignments on various aspacts of water supply feasi=
bility studies;

2. Preparing water supply feasibility studies for 5 m
oial urban areas, using the expatriate and' local oomaul-
. tant personnel for oonduo'ﬁng such atudies; s o

- 3¢ Preparing water supply i‘bility studies for qu I?:ional
. 5 urban areas, with the ' engineers taking a dom:l.na.nt
role in the conduct of such' studies,

The studies began on 1 September 1976 for a period of 18 months.
The projeot staff was composed of 6 US engineers and 26 Pilipino
personnel. The personnel of the respective water districts also
asgisted during the course of the studies,

4/ Although the inclusion of 40 avess is'stipulated in:the
oontraoct, feasibility studiea for 12 areas have actually been
made.

2/ Refer to Appendix i, Volume II for complete Terms of
Referenoe,
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C. HISTORICAL BACKGROUND OF SAN FERNANDO WATER DISTRICT

When constructed in 1929, the water Supply system of San Fer-
nando was owned and managed by the municipal government. In 1956,
howsver, the water system was placed under the National Waterworks
and Sewerage Authority (ourrently Metropolitan Waterworks and
Sewerage System) which was founded to take charge of provincial
water utilities. NWASA turned over the system to the wmunicipal
government in 1964.

The FER-WD was established on 16 December 1976 by Resolution
No. 94 of the Sangguniang Bayan (municipal council) of San Fernando
to inolude the entire munioipality. Subsequently, FER-WD aocquired
the ownership and management of the water system from the munioipal
government in acoordance with Presidentisl Dacree (FD) 198 (The
Provincial Water Utilities Act of 1973).

The formation of the FER-WD was prompted by the need for
adequate water supply and an upgraded water system. Limited funding
prevented substantial improvements to the system. Moreover, the
local offioials recognized the potential role of the water distriot
in providing sufficient, safe and potable water supply.

The FER~WD was thus formed for the purposes of aoquiring,
installing, improving, maintaining and operating the water supply
system, as well as the wastewater oolleotion, treatment and disposal
faocilities. To perform these functions, the FER-WD ocan obtain fi-
nancial and technical assistance from IWUA. FD No. 198 provides
that the water distrioct shall operate eventually on a finanoially
self-gufficient basis,

The FER-WD is a quasi-public corporation and is politiocnlly
independent from the local govermment. As conatituted, the water
distriot is subject to the provision of FD No. 198 and the rules and
regulations of LWUA. The FER-WD can promulgate its own operating
laws through its S-member board of direotors who are appointed dy
the munioipal mayor. The distriot can only be diasolved through the
aot of this board.

On 6 May 1977, LWUA awarded the Conditional Certifiocate of Con-
formanoe to the FER-WD after it had complied with the minimum require-
ments of LWUA's certification program. This oertificate entitles the
FER-HWD to rights and privileges authorized under FD No. 198.
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OHAPTER. ITI DESORIFTION OF THE WATER DIsTRIoRY
' A. FPHYSICAL DESCRIPTION '

'

S::zjemando is located in the southeastern portion of Pampunga
Provinoe~ on the Central Plain of Iusone Fernando, the vin-
oial capital, is divided into the poblacion™ and 34 barriosd , with
a total land area of 90 sqkm.

The present service areaz/ (206 heotares) of the FER-WD is
situated in the central part of ‘the munioipality. It covers the more
densely populated sections of the ‘poblacion (which inoludes barrios
Sta. Teresita and lourdes) and the barrios of Stae Lucia, San Pedro,
Dolores, Juliana, Del Pilar, San Jose, San Juan and Sto. Nifio, The
service area by the year 2000 will extend to the barrios of San
Nicolas, San Agustin, San Felipe, Quebiain, San Isidro and Del
Rosario (see Figures III=1 and VI-1),

Physiocal Faatures

The municipal terrain is generally flat in the service area
ané gradually rises towards the northwestern portion of the munioipality.
Elevations range from 4 meters above mean sea level (MSL) in Barrio
San Nicolas to 30 meters above MSL in Barrio del Rosario.

The main rivers are Pampangae River, one of the prinoipal bodies
of water in luzon; and San Fernando River, a tributary of Pampanga
River, The San Fernando River traverses the muniocipality in a
northeast~to-southwest direction.

R -1/ The FER-WD covers all lands within the geographio boundaries
of Say Fernandoe v
' -Pampanga, one of 'the major development areas in the Philippines,
is located on the central part of the Central Plain of ILuzon. Its
boundaries inolude Zambales on the west; Bulacan on the east; Tarlao
on thg rth; and Manile Bay on the south.
own proper
égbmio is a politiocal divisioa of a munioipality. . .
The service area represents sections of the water distriot which
are ourrently served or intended to be werved by the water system.
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San Fernando is olassified under the Type 1 olimate, with two
pronounoced seasons (Figure III-2). The wet season falls between the
months ¢ May and October; the dry season ocours during the rest of
the year. The average anmual rainfell for the period 1960-69 was
2,055 mm, For the same year, temperature ranged from 25.6°C in
Jaguary to 29.4°C in May, with the average at 27.5°Ce The climatoe
logical data are listed in Table III-1,

TABLE III~1
CLDMATOLOGICAL DATAS
(1960-69)
Rainfall Temperat: re ‘:’0) :
. January ' - 1040 ‘ 2546 L
February . .6e6 25.9
March 8¢5 2744
April 20,8 28,7
May 1512 29.4
June 31106 ’ 28.8 .
Jul.y . 38806 . ' : 28.0
August 448,9 -y
September 3955 2745
October 16000 27.7
November . . 11345 : 2744
December 395 . . .2642
Total 2105407 * h tx' S |
Average 2745
B. FOPULATION

The population of San Fernando in 1970 was 84,362, an inorease
of 48 percent over the 1960 total of 56,861, In 1970 the munioi~
pality had a total of 12,172 households or an average of 6.9 members
per households The general characteristios of the population are
listed in Table III-2,

"

IRCEAY-Y S Cot L,
é/ Source: .PAGASA station in Manila.
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TABLE III=2

MUNICIPAL POPULATION CHARACTERISTICSY (1970)

Total Population

Growth Rate (1960-1970)
Density

Urban/Rural Composition
Sex Composition

Age Coumosi'tion .

Employment
%4 of those 10 years
and over

a) By class of worker
(% of labor foroe)

b) By industry
(% of labor foroe)

Education (4 ofthose
6 years and over)

a) By attainment
% of those 25 years
and over). .

b) Number of Schools

Dialects
Religion

Souroes

84,362

4.0% per annum

9.37 persons per heotare
100% urban

male, 50%; female, 50%

0-14 years, 46%; 15-64 years, 52%s
65 yaars and O‘VBI‘, /@

10 years and over, 56,698 N
employed, 41%; unemployed, 5%% .

workforce, 23,282 )
wage and salary, 73%; own business,19%;
unpaid family workers,

agrioulture, forestry, fishing, 10%;
manufacturing, 18%; commerce, 17%;
services, 29%; construction,7%; utili=
ties, minor industries, 19%

6 yedrs and over, 66,819
literate, 87%; 1lliterate, 13%

25 years and over, 27,954
elementary grades, 57%; high school, 20%;
college, 13%; no formal education, 10%

elementary, 24; high school, 19;
college, 4

Panparigo, 93%; Tagalog, 4% others 3%
Catholic, 97%; others, 3%

1970 Census of Population and Housing, National Census
and Statistics Office (NCSO)

This information applies to the mwiocipality of San Pernando as

a whole
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C. LIVING CONDITIONS

Physical indicators showing the standard of living in San Mer-
nando are listed in Table III-3. These indicators inoclude tyres of
dwelling units, household facilities and utilities.

Health

Water-borne diseases ocour partiocularly in the more densely po=
pulated ssotions of the municipality., Public health authorities re-
cognize the correlation between the lack of safe water supply and
sewerage faoilities and the incidence of water~borne diseases. Table
III-4 shows the recorded morbidity and mortality rates per 100,000§/
population due to water~borne diseases in the province of Pampanga:
from 1964 to 1974. During this period, the average morbidity of
1424849 in this province was almost twioce the national average of
666.5; however, the average mortality of 23.4 was lower than the
national averasre of 48.1.

Medical services are provided by 4 hospitals, 5 clinics, pueri-
culture centers and rural health units located throughout the muni=
pality.

D. ECONOMYQ/

Family Incomelg/

In 1975, the province of Pampanga was estimated to inolude
152,072 families, with a combined annual income of P1.q1 billion. The
average family income of P7,319 was hizher than the country's average
of P5,840. The families were divided by income group as follows:
below averagze (P1,000~3,999), 28 percent; average (®4,000~£9,999),
54 percent; upper middle (P10,000-P19,999), 14 peroent; and high
(®20,000 and over), 4 percent,

Agriculture and Commerce

Agrioulture is the most important economic activity in the
municipality. The major arops are rice and sugar; the minor crops
include corn and coconut.

§/The only records available are for the province. The morbidity
and mortality trends in San Fernando are assumed from these records
(see Chapter XI).

The Philippine economy from 1946 to 1976 is diascussed in
Appendix E, Volume IJ,

0 Only provinocial data on family income are available at the NCSO.
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TABLE IXI-3

CLASSIFICATION OF HO LDS
BY TYPE OF PACILITIESLY (1970)

1.“ 'i';tal Households
2, Average Household Size

3. Hater Facilities
(% of total households)

.4e¢ Toilet Faoilities
< (% of total households)

5. Lighting Facilities
- (% of total households)

6e Appliances
(% of total households)

7. Cooking Fuel
(%4 of total households)

8. Total Dwelling Units
a) Type of Dwelling Unit

b) Roofing Material
(% of total units)

12,172
6.9 members per household

piped water, 26%; artesian well,
10%; pump, 63%; other sources, 1%

flush/water sealed, 32%; clesed pit,
16%; open pit, 12%; public toilet,
23 no fecilities, 38%

electrioity, 61%; kerosens, 38%;
others, 1%

radio, 73%; TV, 15%; refrigerator, 10%

electricity, 6%; kerosens, 28%
LPG, 15%; wood, 50%; others, 1%

12,151

single type, 90%; duplex, 3%
apartment/acoessoria, 5%; barong=
barong (mekeshift housess, oommer-
oial, etc., 2%

durable materials (aluminum/
galvanized iron, asbestos, tile/
conorete), 83%; non-durable materials,
(oogon, nipa, others), 17%

3-1-/ Sources 1970 Census of Population and Housing, NCSO
This information applies to the rmunicipality of San Fernando

as a whola,
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TABLE III-4

REPORTED MORBIDITY AND ¥QRTALITY
DUE TO WATER-BORNE DISEASE (1964=74)
(PER 100,000 POPULATION)

JPazpanga Philippines
Yoar rhidit Mortality MNorbidity ¥ortality
1964 73643 2649 84643 6062
1965 885.1 2447 7158 516
1966 981.2 4346 7151 61.9
1967 871.8 26,8 57241 47.6
1968 964.8 25,1 564.8 4645
1969 156750 1741 706.9 460
1970 1,161.2 .‘13.1 612,8 39.0
1971 1.10607 19.2' 42205 3508
1972 2,114.2 2542 T43.4 494
1973 1,642.7 1945 76844 504
Total 13,7377 257.8 T:331.9 528,8

mr&&‘ ; 1 '24809 2344 66605 4841

San Fernando, being the capital of Pampanga Province is a lead-
ing commercial center in Luzon. In 1975, business establishments in
the munioipality totalled 2,136, 70 percent of which were engaged in
the wholesale and retail trade and 9 yercent, in mamufacturing,

Public Utilities

San Fernando can be reached only by land, In 1971, 1t had about
200 km of paved roads and about 9,000 or 1.9 percent of the total nume
ber of registered vehicles in the country. There was a ratio of 107.6
vehicles to every 1,000 population. A railway system connects the
town to Metropolitan Manila and other provinces of Luzon.

Communiocation faoilities include 4 telegraph stations, a tele-
phone system and a post office.

The power supply of San Fernando is provided by the privately
owned San Fernando Light and Power Company. It generates 665 0400 Xw
of energy through facilities of the National Power Corporatione In
addition, the private company has its own stand-hy diesel generating
units.

-1-2:/ Source: Disease Intelligence Center, Department of Health.
The water—~borne diseases, of whioh records are available,
inolude typhold, cholera, dysentery, and gastro-entiritis.

I1T-6
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CHAPTER. IV EXISTING WATER SUFPLY FACILITIES
A, GOENERAL

San Ferranido is served hy a water mystem originally oonstructed
in 1929, The original source of supply was & well whieh supplied a
distribution system covering the poblecion core area. Four additional
wells were constructed in later years. Other watorworks faocilities
inolude two reinforced concrete elevated tanks, about 13 km of distri-
bution piping, and appurtenant valves and hydrants, Figure IV-1 is
a schematioc plan of the existing water aystem,

B. WATEEWORKS FACILITIES

06 1

The exisiing FER~ND supply sources are five wells located in
the poblacion and nearby barrios. The original well oconastruoted in
1929 is the existing Barrio Lourdes well, It is located inside the
San Pernando Elementary School sompound on 27th Street at the corner
of P, Gomez Street in Barrio lourdes. The well casing has a diameter
of 200 mm and a length of 183 meters; well depth is 183 meters. 4
turbine pump was installed also in 1929 and driven by an electrio
motor with a rated horaepower of 30 at 1,760 rpm. The discharge was
measured to he 6.4 lpn at 0.58 kg/sqome

Pump station no. 2 is loeated along V. Tiomico Street corner
Gen. K, Hizon Streot in the poblacion. The well whieoh was constructed
in 1974 has & oombination of oasing pipes with respective diamwuter
apd lengths of 250 mm and 91 meters, 200 mm and 61 meters; and 150 mm -
and 61 meters. Tho depth of the woells is 2135 meters. The turbine
punp is run by an eleotrie motor with a rated horsepower of 40 at
1,800 rpm. Discharge was measured to bhe 27 lps at 0.35 kc/m.

Pump station no. 3 is located at tho capitol building asite in
Barrio Sto. Nifio. The well was drilled in December 1954 to a depth
of 167 meters and redrilled in September 1960 to a depth of 246 meters.
The oasing consists of two pipes with respective diameters and lengths
of 200 mn and 166 metors, and 150 mm and 62 meters. The turbine pump
is run by an electrio motor with a rated horaepower of 20 at 1,800 rpa.
Measured discharge was 7.4 lps at 0.74 kg/sqon.

Pump atation no. 4 is located on P, Nendogza Street at the cormer
of Abad Santos Street in Barrio Dolores. The well was drilled hy the
Bureau of Public Works in April 1953 t6 a depth of 220 meters, Its



casing consists of two pipes, with diameters and lengths of 200 mm
and 120 meters, and 150 mn and 80 meters, respectively. The turbine
pump is run by an electric motor with a rated horsepower of 15 at
1,750 rpm. Discharge was measured to be 1942 1lps at 0.56 kg/sqom.

Pump staticon noe 5 is located along San Pedro Street in Barrio
San Pedro., The well was drilled in April 1958 to a depth of 213 meters.
The casing consists of three pipes, with diameters and lengths of 200
mm and 95 meters, 150 mm and 84 meters, and 100 mm and 32 meters, ren-
pectively. The deep well turbine installed in 1958 was repaired in

1963, It is beltdriven by a 22-hp diesel engine. Discharge was measured

to be 10,8 1ps at 0.77 kg/sqem.

Total production of the existing wellsources was estimated to be
3,980 cumd in May 1977,

Storage Facilities

The FER~WD has two reinforced concrete elevated tanks, each with
& oapacity of 380 cume The first tank, constructed in 1929 in Barrio
Lourdes, has an overflow elevation of about 30 meters above MSL; the
second tank, constructed in 1956 in Barrio Dolores, has an overflow"
elevation of about 34 meters above MSL.

The tank in Barrio Lourdes was recently abandoned because of its
leaning position suspected to be a result of structural instability,
The tank in Barrio Dolores is used on a "fill-and-draw" basises The
Barrio Dolores pump station pumps water into the tank for 6 hours
from 2100 hours to 0300 hours every fourth day. Water from the tank
is then distributed for 5 hours from 1300 hours to 1800 hours on the
day of filling. /About 150 ocum of water in this reservoir is retained
ag fire reserve, , T ’

Distribution System

The distribution system has undergone only minor expansion sinoe
it was construoted in 1929,

Cast iron mains, 150 mm in diameter, located along the primary
streets in the downstream area, serve as the backbone of the distribu-
tion gride The remainder of the system conuists of 50 to 125 mm pipes.
The present distribution area has adequate water supply at night. A
- diagram of the present distribution system is shown in Figure IV-2,

Pipe Sizes and Lengths. At present, the distribution system has
about 12.83 km of piping ranging in size from 50 to 150 ,mm,. - Sixteen.
percent of the piping is 150 mm in diameter and 45 percent, 75 mm in
diameter. Forty-eight percent is galvanized iron piping; the remaining
52 percent is cast iron piping and about 48 Yyoars old. Table IV-1 is
a description of ihe distribution system by diameter, material length
and period of constructions

V-2



DISTRIBUTION SYSTEM
DIAMETER LENGTH oi'r‘"s_rh A'PE' m&iv YEAR
LLE .
W) TYPE 1 STAL TOTAL
50 Gl | 330 * 330
H H
' 75 G ; 5800 ¥ 5800
100 ccl l 4550 4550
125 Gl 40 40
150 ccCi 216 2110
TOTAL 12,830 12,830
% NO AVAILABLE RECORD WHEN INSTALLED
APPURTENANCES
SIZE NUMBER REMARKS
VALVES 75 MM 14 ] NOT VERIFIED AS MOST
100 MM 5 } VALVES ARE BURIED UNDER
150 MM 4 ] CONCRETE ROADWAYS
HYDRANTS 7SMMGS RISER | 54 20 ARE INOPERABLE
PUBLIC FAUCETS | N ONE
SERVICE CONNECTIONS AS OF APRIL 1977
TYPE METERED | FLAT. RATE TOTAL
DOMESTIC 902 902
COMMERCIAL 7 INSTITUTIONAL 343 343
. INDUSTRIAL ot
' TOTAL 1245 1245
FEASIBILITY STUDY FOR WATER
SUPPLY OF SECOND TEN URBAN AREAS LWUA - CDM

DOLORES OEEPWE
¢ TURBINE PUMP
ELECTRIC MOTOR
e CASING DIAMETER
ISOMM, BOM LO
e WELL DEPTH = 22¢
¢ DISCHARGE = 19.:
s PUMPS TO DISTRIE
FOR 2 CONSECUT
DISTRIBUTION FR
1800 TO 2100 HRS
FROM 2i00 TO ©3

DOLORES STORA{
¢ CAPACITY = 380 (
e OVERFLOW ELEWV/
s REINFORCED CONC
e ABOUT 150 CUM
RESERVOIR FOR |
® DISTRIBUTES WATI
1800 HRS ONCE E

STO. NINO DEEPWEI!
¢ REDRILLED IN 191
s TURBINE PUMP Wt
e CASING CIAMETER

AND 150 MM, 62 N
e WELL DEPTH:=2486
o DISCHARGE = 74 L

o PUMPS TO DISTRIB
2100 HRS

1

SYSTEM  PRE:
¢ VERY LOW PRESSI

DISTRIBUTION sY!

»
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"

PW:LL PUMP STATION NO. & (lsas)—_/
WP wrrH A IS HP’.~A Co N
)mR ' b v toe

TER OF 200 MM, 120 M. LONG |
. LONG,

2zo~|

19.2 LPS AT 0.56 KG/SQ CMm.
‘TRIBUTION FROM 0500 TO 2100 HRS
:CUTIVE DAYS . PUMPS TO

FROM 0500 TO I300 HRS. AND FROM
HRS. AND THEN PUMP TO STORAGE TANK
) 0300 HRS. FOR THE 3R® pay.

ORAGE TANK uese)———/ :

30 CUM
LEVATION:= 34 M MSL

SONCRETE

‘UM OF WATER IS KEPT IN THIS
‘OR FIRE RESERVE

WATER FROM 1300 HRS. TO

iCE EVERY 3 DAYS v \
‘ 2 ST \
n .’ ‘\’\' .
:PWELL PUMP .STATION No.s (l954)-———/ Ea .\\‘
v 1960 x
P WITH A 20HP ELECTRIC MOTOR SAN PEDRO DEEPWELL PUMP STATION NO.S (1938)
ETERS OF 200 MM, 166 M LONG o TURBINE PUMP WITH A 22 HP DIESEL
62 M LONG oy : ENGINE DRIVE.
1246 M Yo e CASING DIAMETER OF 200 MM, 95 M LONG
74 LPS AT 074 KG/SQ. cm SN I50 MM, 84 M LONG; |00 MM, 32 M LONG.
ISTRIBUTION SYSTEM " FROM 0530 TO - o WELL DEPTHz213 M
ot ¢ DISCHARGE = 10.8 LPS AT 0.77 KG/SQ.CM.
e PUMPS TO DISTRIBUTION SYSTEM FROM 0530
TO 1300 HRS. AND 1700 HRS. TO 2200 HRS.
PRESSURE . ! SERVICE AREA OPERATION
RESSURE THROUGHOUT . THE " MOST CONSUMERS ARE LOCATED IN THE
N SYSTEM. POBLACION AND BARRIOS STA. LUCIA,

« STO NINO AND SAN JOSE.
s WATER SERVICE 1S 16 HRS. A DAY,

b


http:0.77KG/SQ.CM
http:KG/SQ.CM
http:KG/SQ.CM

{ THE
A,

—POBLACION DEEPWELL PUMP STATION NO.2 (1974}
¢ TURBINE PUMP WITH A 40 HP
ELECTRIC MOTOR
o CASING DIAMETER OF 250 MM, 91 M LONG,
200 MM , 61 M LONG , I50 MM, 6/M LONG.
o WELL DEPTH =213 M

® DISCHARGE =27 LPS AT 035 KG/SQ.CMm,
ePUMPS TO DISTRIBUTION SYSTEM FROM
0500 TO 2!00C HRS

——LOURDES STORAGE TANK (1929)
e CAPACITY = 380 CUM

¢ OVERFLOW ELEVATION = 30M MSL
* REINFORCED CONCRETE

¢ NOT USED FPRESENTLY

LOURDES DEEPWELL PUMP STATION NO.1 (1929)

e TURBINE PUMP WITH A 30 HP
ELECTRIC MOTOR

e CASING DIAMETER= 200 MM, 183 M LONG

o WELL DEPTH = 183 M

e NISCHARGE = 6 4 LPS AT 058 KG/SQ Cm
. ¢ PUMPS TO DISTRIBUTION SYSTEM AND
STORAGE TANK FROM 0500 TO 2100 HRS

FIGURE V-1
EXISTING FACILITIES
SAN FERNANDO WATER DISTRICT
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PUMP STATION NO.4
STORAGE TANK

. AND PUMP STATION NO.2

L.
\,s\ .
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e ] o S ; — I |
SCALE iN METERS

LEGEND:

: Exlspqu PIPELINE
DEQA{XD’ END
—L OPERABLE FIRE HYDRANT
—i INOPERABLE FIRE HYDR
T g GATE VALVE
DEEP WELL AND PUMP ST
&

_ELEVATED STORAGE TAN

|
|

OTE FIRE HYDRANTS WITH NUMBERS ARE PRESSUf
\\\\\ READING AND FLOW TESTS LOCATIONS,REFER
':\"\’ TO TABLE IV-2 AND ANNEX TABLES IV-E6 TO

2. GATE VALVES NOT VERIFIED.

FIGURE Iv-2
EXISTING WATER DISTRIBUTION SYST
SAN FERNANDO WATER DISTRICT




o Pressures are generally very low throughout
the entire distribution system, Table IV-2 is & summary of the re
ocorded 24~hour pressures throughout the system.

Yalves apd Hydrantge There are 23 imown valvee in the distribu-
tion system in sizas of 75 mm, 100 mm, and 150 mm. A total of 54 .
fire hydrants are all locally made, and oonsigt of 75=-mm GS3 riser
pipes ("wet-barrel") and tees, each with a gate valve and nipple.
Nost of the hydrants have broken valve stems while others have no
valve at all, Twenty of the 54 fire hydrants are not functioning.

Servige Conpeotions. As of April 1977, the FER-WD had 1,245
rogistered connestions, all unmetered. The servioce connections are
divided hy consumer ocategory into 902 domestic and 343 oommeroial,
with no indusirial users. Ths water gystem has no publio
faunoetn.

Operatio Haint (L]

The FER.HD operates and maintains the well sources and the distri-
bution system. Proseunt staffing inoludes a gensral manager, an admi-
nistrative division chief, a produotion, operation and maintenance
divigion chief, & ocommeroial divieion chief, a treasurer, an acocounte
ant, 2 billing olerks, 12 produotion operators, 1 mervice foreman
and 1 plumber,

The operation program oonsists mainly of operating the well pump-
ing stations and filling and ezptying the clevated storage tank in
Barrio Dolores, The poblacion, Dolores, and Lourdes pump stations are
operated 16 hours daily while the Sto. Nifio and S8an Pedro stations
are operated daily for 15.5 hours and 12,5 hours, respeotively.

The Dolores atorage tank is filled from 9300 p.m.to 3300 a.m., by
the Dolores pump station every fourth dsy, Water from the tank is
released to the distribution system from 1100 pm.~ 6300 pme.on the
day of filling.

.¢ The maintenance program consists mainly of servioing the pumping
~\mi;tu and repairing leaking mains and servioe lines,

C. WATER QALITY

. ' Water samples were taken from the present well sources in the
“poblacion and the nearhy barrios. Results of the laboratory analyses
of the water samples are listed and compared with the Philippine
National Standards for Drinking Water in Table IV=3, The water quality

IV=3



TABLE IVeq

SUMMARY OF DISTRIBUTION ] IPIFG BY 21215, MATERIAL AND AGE

Diameter (mm) Material Lensth of Pipe (m) Year Installed
50 Gl 330 No Record
15 GI 5,800 No Record
100 cI 4,550 1929
125 61 40 1929
150 c1 2,110 1929

TABLE IV-2

24~HOUR PHESSURE RLECORDINGS

o) m QY 4 1]
ON DISTRIBUTION SYSTEM  Duration of

Dated Preessure

Number Fire Hydrant LocatiomL/ Recorded Pressure Range Recording (hr)

1 Along Kendoza St. (in front

of school) 23-24 May '17  0.07-0.32 kg/sqom 15
2 Along Tiomico 5t. (near

market ) 25-2G Hay '77 0-0.21 kg/sqom 23
5  Along Congunji St. 23-24 May '77 0~0. 14 kg/sqom 23
6 Along Capitol Boulevard 21-22 May '77  0.02-0.2 kgz/sgom 24

Alony Gen. Wizon Ave. cor. .

Consunji St. 19-20 Mgy '77 0-~0.16 kg/sqom 24
9 Along San Fernando NE Div, '

Road 24-25 May 77T  0.06~0.21 kg/sqom 24
12 Along Limjoco St. 25-26 May *T7  0.07-0.28 kg/aqem 12
13 Along Arellano St. .1 24=25 May '7T  0,06~0.24 kg/eqom 24
14 Along Consunji Ste (near

market 20-21 May '77  0.01-0.19 kg/sqom 24
15 Bo. Sta. Lucia (near San '

Pedro Pump Station) 21=22 kay "7 0-0.28 kg/eqom 24

1/See Fijgure IV-2 for location.
V=4
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TAZLE IV-=3
WATER JUALITY TEST RBSULTS
SAN FERNANDO WATER DISTRICT

FZR={D Hell FER~WND Well FER=WD Well FER-WD Well FER-WD Well
Pormissidble Poblacion Bo.3to. Nifio Bo.San Pedro Bo. Dolores 3Bo. Lourdes

st Dnit Limits 1 Mar *77 2 Mar '77_ _2 Mar ‘77 3 Mar '77 _3 Mar '77
Frhysical
Color APHA 15 10 5 10 10 10
Turbidity FIU ) 5 - 3 1.5 165 1.5 2
Total Dissolved N .
Solids## mg/1 500 F 1250 260 276 221 273
Conductivity micromhos/om 385 400 425 340 420
Chemical 3 - 8 L .
PB 7-8.5 .+ TeT0 = Te 770 iz 775 7.
Total Alkalinity mg/1 ~ i TSN - E
CaCO3 140 120 . 150 . . 120 150
Phenolphthalein mg/1 : : s : o
aCo 3
Total Hardness mg/1 N i - 0T ,
- CaC03 400%xn 8 0 8 0 6
Calcium mg/1 15 ' 2.4 0 0.8 - > 0 1.6
Magnesium mg/1 50 0.48 0 T 1444 0 0.48
Total Iron ng/1 ’
Fe 0.3 0.050 0,020 0.530% 0.025 0.070
Fluoride ng/1
F 1.5 0.50 0,50 0,50 . . 0.50 0.50
Chloride mg/1 200 12.81 1525 15¢25 "% Te32 1525
Sulfate mg/1 200 25.84 38808 39.44 25.16 29.92
Nitrate ng,” 50 1003 "948 97 - 10.4 9.9
Manganese mg/1 . -
Mn 0.1 o nil nil nil nil

# Exceeds the permissible limits set by the Philippine National Standards for Drinking Water, bujt .les-s than
the Mexocessive™ limit established by the standards. - -

#* Comruted as 6% of conductivitye
#*% 1imit inferred from limits of individual metals causing hardness,



of ithe preseni sources sppears to be within the permissiblo limits,
exospt the iron content~' in the San Pedro well, A "

D. WATER USE PROFILE

General

+  The ocurrent water demands of San Fernando have been analyszed
in order to prediot future water requirements, Data on revemue pro-
duoed from the sale of water were obtained from the water distriote
Other data were taken from field measurements on water produotion
and from the pilot area study2/ conducted in Maroh 1977.

A pilot area was selected within the present service area where
a survey was made to establish the present water use profile. House-
hold members in the pilot area were interviewed ooncerning their
source of water supply, mmumber of hours water is available, approxi-
mate daily or monthly water consumption, amount paid to the water
distrioct per month, nmumber of neighbors using water (borrowers) and
number of faucets. The mumber of persons for sash housshold, the
family income bracket and the amount each household is willing to pay
for improved water servioe were also determined. The summary of the
pilot area study is presented in Annex IV-D,

Population Seryed

The pilot area survey indicates that wsers of the FER-WD water
supply can be classified generally into primary users {consumers
residing in the home of a registered concessionaire), and secondary
users (non-resident consumers obtaining water from ragistered cone
cessionaires). The secondary users are also termed "borrowers,"
From the pilot area survey, it is estimated that approximately
. 94170 persons are entirely dependent on the FER=WD for water supply,
- from 1,245 registered servioce connsctions. These figures indicate
that for every connection an average of 7.36 persons are served, 7.0
as primary users and 0.36 as seocondary users.

i

2/ mmese 1imits are based not upon physiologioal oomsiderations,
for iron in trace amounts is essential for matrition, Drinking water
oontaining iron in unpalatable and unsesthetic ooncemtrations would
have little effeot on the total daily intake. Instead of physiologieal
reasons, therefore, the limit is based on assthetio and taste consider-
ationss Iron tends to preoipitate as hydroxides and stains laundry
and poroelain fixtures,

3/ See Methodology Memoranda No. 1 and‘ 2,

Iv=6
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We Co tio

Water consumption in the FER-WD was calculated on the basis of
pilot area study data and information on the existing water supply
syotem, The average water consumption of conoessionaires in the pilot
area is about 15.3 oum/mwo per householde The consumption of borrowers
from the water system is about 8.4 cum/mo per household.

: The total consumption of all registered concessionaires is about

19,100 cum/mo while consumption of borrowers is about 550 oum/mo.
Since all registered conneotions are flat-rate;, it is assumed that
oconsumption figures obtained in the pilot area survey do mot include
wastage at flat-rate comnections.

Total production of the existing deep well sources was estimated
in May 1977 to be 3,980 cumd. Accounted-for-water is only 16 percent
of total produotion. Assuming wast as 40 porcent of the total
production and leakage as 25 percentd/, present water aocountability
in the FER-WD is summariged as follows: :

%.of Productjon

Flat-rate consumption ;13 1ped 635 ocumd %6 .
Borrowers 40 1lpod 20 oumd 0.50
Underestimated flat-rate use 68 1lpod 455 oumd 11.5
Wastage ’ 206 1lpod 1,595 oumd 40,0
Leakage 129 lpod 995 ocumd 25,0
Other uses ) 36 1pod 280 cumd T.0

Total Produotion 3,980 oumd 100%

E. HYDRAULIC SURVEY DATA

Field measurements of the hydraulioc oonditions of the FER-WD
system were condnoted during the period 12-27 Nay 1977. The purw
pose of the field measurements is to provide data for a computer
model of the existing system and to identify areas with major operaw
tional problems,

y Water acoountability for the First Tem Provincial Urban Areas in-
dicates that the weighted oomposites for the different categorjes of water
use are as follows: accounted-for-water, 31 peroent of production; un=
derestimated flat-rate use, 11 percent; wastage, 26 percent § luakage,

25 percent; and other uses, 7 percent,
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Stations

Pump tests were oonducted at pump stations no, 1, 2, 3, 4, ad
5 to determine the head-capacity and effiolency ourves for existing
pumps (sec Annex Figures IVeE-1 through IV-E-5), From these pump -
ourves, the estimated production as of May 1977 was 3,980 cumd.
Annex Tables IV~E-1 through IV-E-5 show the recorded test data
obtained.

Pump no. 1 as tested has a very low operating efficiency, only
about 18 percent as shown in Annex Figure IVeE-1, The pump was
severely vibrating due to shaft misaligmment, causing damage to the
gear head paoking, FEntrained air was sometimes observed as a result
of pumping water level exceeding pump setting,.

The operating efficiencies of pumps no, 2 and 4 as tested on
14 May 1977 (Annex Figure IV-E-2) and 16 May 1977 (Amex Figure
1V-E-4), were very low. The reason is very low system pressures
throughout the distribution lines. Both pumps were operating against
very low disoharge heads.

Pamp no. 3 has a maximum effioiency of about 42 percent., It was
operating at this efficiency when tested on 14 May 1977 (see Arnex
Figure IV-E-3). The FER-WD reportedly had one bowl of this pump re-
moved as it was rubbing against the inner surface of the slantod well
casing.

Effioiency curve for pump no. 5 could not be made since it is
driven by a diesel engine. Pump speed as measured was 1,160 rpm,
much lower than its rated speed of 1,760 rpm. Its oconorete founda=
tion had been damaged and has risen about 20 om above the pumphouse
floor level, probably contributing to the excessive vibration
observed,

Sygtem Pressures

Two pressure recorders were installed at existing pump stations
and at various hydrants in the distribution system to determine system
pressure variation over a 24-hour period.

Pressures varied from gero to 0,66 kg/egom at pump station no. 1
on 18-19 May, Pressures at pump stations no, 2 and 4 ranged (14-15 Nay)
from gero to 0.41 kg/aqunand from gero to 0,64 kc/aquu:respeot'ively.
Pressures at pump station no. 3 varied from gero to 0.81 kg/sqom
(16=17 May) while those at pump station &~ S ranged from zero to
1423 kg/oem (1920 May)s The pressure tests at 6 different locations
within the distribution system show that pressures generally varied
from gero to 0,28 kg/bqom over 24 hours, indicating very low service
pressures throughout the distribution system. Minimum pressures
ocourred in the evening and early morning after all the pump stations

1v-8
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were shut off, Anmnex Figures IV-E-6 through IV-E=16 show the recorded
24~hour preasures in the gystem,

gzdrant Flow Tegts

Hydrant flow tests were conducted to determine how the San Fernando
distribution system operated under certain measured flow conditionsg,
Flows from fire hydrants no. 4, 6, 10, and 12 were measured during
separate flow tests while pressures were recorded at other locations
in the distribution system. The results of the flow tests are listed
in Annex Tables IV-E~S through IV~E-9, The tests showed that for a
given hydrant flow, areas between the pump stations and the hydrant
where flow was being conzidered had expected and acceptable pressure
deoreases while those areas served Yy other punp stations at other
locations of the distribution system were virtually unaffected. Ammex
Pigures IV-E-17 through IV-E-20 show the loocation of hydrants where
flow measurements were made, and points whers system pressures were
Ob.m«i ®

F. COMPUTER STUDIES

The purpose of conduoting computer stuiies on the existing distri-
bution system is to duplicate, to the greatest extent practioable, the
hydraulic oonditions obsmerved in the field. By doing this, it ia pop-
sible to evaluate the impact of improvements on the existing system,

In order to provide field data for computer studies, there mugt
be a significant positive pressure over the entire distribution system
during field tests. There wWere very little field data gathered in
San Fernando for the existing system that ocould be used for computer
modelling, therefore, computer studies on the existing system were
not conduoted,

Data on exiusting system were based on visual inspection. Assump
tions on oconditions of existing pipes were based on engineering judge=
ment. Portions of the existing system that could be utilized in the
future were retained and inolunded in the computer studies of the
fature system.

Go DEFICIENCIES OF THE EXISTING SYSTEM

The present water aystem and level of mervice of the FER-WD have
many serious deficiencies. Low pressure prevails over the entire
distribution system, Service conneotions are not metered, The axigte
ing deepwell pumping facilities operate ineffioi.ntly. Leaking pipes
laid in polluted drains are a potential source of contamination., There
is lack of blow-off valves to drain the distribution gystem, Water
supply is never treated or disinfected. Most of the hydrants have
broken valve stems while others have no valves at all,

IV-9



There is inadequate ooverage of the water distribution systenm,
partioularly in the subdivisions surrousding the present service area,

Operation and maintenance equipment, tools and spare parts are

lacking. There are no plumbing shop, water quality laboratory facili-
ties, or routine water sampling and testing programs,

IV-10
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ANNEX IV-D

PIIOT AREA SURVEY



CAMP DRESSER & MoKEE INTERNATICONAL INC.

ANNEX IV-D
S b ‘
T0s - L. Vo Gutierres, Jr,
SUBJEGT: M H}"t drea Survv of San Fernando Water Distriot
TE 25 Apett 9T :
I. General Information

II.

de The pilot area, about 2.4 heotares, is located west of the

mnieipal hall and covers about i blocks along Abad Santos,
" Ve Tiomico and Consunji Streets.

B., The pilot area survey includes a total of 127 households
with a total of 889 oocupants. From these figures, the
number of persons por household is oalonlated to be 7.0
and the dens’ty, 370 persons per heotare.

Survey Results

4, Prigary and Seoondary Userss
Number of registered households - 82
Number of household borrowers from registered households 4
Fumber of households using private wells ~ : 38
Number of borrowers from private wells —

Total mmber of households 127

B, Consumption Data As Given In Survey
Flat-rate ooncessionaires , 73 1lped
With private systems 66 1ped
Borrowers 40 lpod

.; Co . Willing To Pay For Improved Service/Mo

Below average - P17.33 3 households
Middl~ - 21025 4 "
Upper middle - 21,31 13 "
High income - 24.07 57 "

IVeD=t.s0



Dy, Others

1e Average number of faucets per household 3.2.
2, Fumber of oomnected househdlds with wells 6
3¢ Number of households with showers 60 -

4. Number of households with flush water oloset 48
5e Number of households with manual water oloset 33
6. HNumber of households with septic tanks 8

111, Computations

'

A. Totel Monthly Production = 3,960 cumd (@ 16 hours operation)

=117,400 oum/mo -
B; Number of Connections (flat-rate w 1,245 .
Consumption (Conneoted Househdlds = 73 lpod -
C. Total Households . = 127
Persons/Household, ! - 7
Total Fumber of Connected
Households = 82

Household Borrowers from
Connected Households w _ 4

Total Dependent on System = 86

Total Households Copnested - % 0495

Total Dependent on System - 0.9
H'D. Total Households Dependent on System

g-:%i = 1,310 Households or 9,170 Persons

Total Borrowers from Connected Households = 1,310 - 1,245
= 65 Households

TVeuDue2 ¢



ANNEX IV-E
HYDRAULIC SURVEY DATA
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0
2443
4.18
8¢40

12.66

12.66
8¢58
4.40
2.65
0e42
0

P ML
m _(m)

115 25.8
8.8 26,1
6.7 26.0
4.9 26.0
3¢5 2640
3«5 26.0
4.9 24,2
6.7 -25.5
8.4 25.8

1le3 25.6

11.6 25.7

— J/EDH'a P 4+ FiL + bf ;
g/hHP = Q x TDH

76

ot/
@)

3843
35.9
337
31.9
30¢5
30¢5
30.1
33.2
35.2
37.9
38.3

wre/
up)

o

.15
1.85
3.52
5.08
508
340
1.92
1.23
0.21

ANNEX TABLE IV-E-1

TEST DATA AT PUMP STATION NO. 1

Line Voltage (volts)

i 2 W3 Zave
215 215 219 216
218 215 219 217
218 232 232 227
219 217 224 220
220 220 221 220
232 232 230 231
233 232 230 232
239 235 235 236
228 230 235 231
236 235 235 235
233 236 236 235

bf = 1.0 m (assumed)

3 , S
‘ '/mp = mz—%ﬁ'é—”?ﬂ 5 PF = 0,85 (assumed)

HEP ¢ 100

e/bverall Efficienoy =

5/

;== Pump Efficiency =

IHP

Motor Efficiency

IVaE~1

Line Current
4 2 13
371 37 34
36 37 34
352 375 33.5
35 37.4 34
35. 36eT 3445
36.3 37  33.9
34.2 36  33.3
35.6 35.9 33.5
34e5 37 34.5
35 37 35
31 37  34.5

36

35.7
354
355
354
35.7
34.5
35

353
35.7
3662

verall Effiolency . yoper Effiolency = 90% (ssumed)

mpY
{bp)

15.35
15.29
15.86

15.41 °

15.37
16.27
15.80
16,30
16.09
16.56
16.79

Overall&/
Efficiency
rcent

o
Te5°
11.7
22.8
33.0
31.2
21.5
11,8
" Teb
-1e3
0

Efficienc
{pgrcent;

0
844
13.0
2504
3647
34.7
23.9
13.1
845
1.4
0
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ANEX TABLE IV-2-2

TEST DATA AT PUMP STATION HO. 2

) 1/ 2/ : overa11?/ Punp/

Q 23 ML  TOH ¥ Line Voltggg (volts) Line Current {gﬂ! IHBBJ Efficienc, Efficiency
(1ps) (m) (m) (m) (hp) Vave I3 Iz 13 Iave f(hp) (presentg (present)
29,2 160 175 20,0 768 225 230 230 228 72 84 80 78.7 35641 2147 241
28e7 TeO 176 2641 9,86 225 225 230 227 70 84 718 T7e3 34.63 28.5 31.6
279 1441 175 33.1 12,15 225 225 230 227 72 86 80 T9.3 35652 34.2 38.0
27¢1 2141 175 40.1 14,30 225 225 230 227 74 88 82 81.3 36442 39,3 4346
2645 28.2 173 470 164,39 225 230 230 226 76 88 84 82,6 37.17 4401 49.0
25¢4 352 17.2 5349 184,01 225 225 230 227 78 92 86 8543 3844 4761 52¢4
24.9 4242 172 6049 19.95 225 225 230 227 78 92 86 8543 38.21 5242 58.0
23.6 49e3 17.0 67.8 21,05 225 225 230 227 78 92 88 86 38.53 54.6 60.7
22.4 5643 16,8 T4.6 21,98 225 230 235 230 78 92 88 86 39.04 5643 62,2
21,3 63¢4 16.7 81.6 22,87 230 230 235 232 80 92 88 86.7 39,70 576 6440
192 T0.4 16,3 88,2 22,28 228 228 231 229 76 90 84 83.3 37465 59,2 658
18,0 774 16.1 95,0 22,50 225 225 230 227 74 88 84 82 3674 61.2 68.0
15.8 84,5 15.7 101.7 21.14 228 228 232 229 T2 86 80 T79.3 35.84 59.0 6545
13.1 91.5 15.3 108.,3 18,67 228 228 232 229 70 84 T8 773 3493 534 59.4
1063 986 14.9 115.0 15.58 230 230 235 232 66 T8 T4 12.1 33.29 46.8 5240

TeT 10546 1406 121.7 12,33 230 230 225 228 62 78 T2 T0.T 31481 38.8 4361

-jTDH = P+ BHL + hf whereanassumedhfnhSmisused.A .

Q x TDH . ~
_/m 'M%HP&——”M whem Lh{:"”er:“faotor i‘i‘ 0.85 J(a-smd) w-
é/Overall Efficiency = % x 100 S - ‘/ -

Overall Sfficiency

Totos ETfictency where an assumed motor efficiency of 90% is useds

"5/
2 Punp Efficiency =

IV-E-2



1%

Q P PiL

(ps) (@ (@) (=) (hp)
7495 1.8 33¢1 359 3.76
T¢30 3.5 3360 375 3460
6445 Ted 314 39.8 3.38
5660 11e6 29,7 42.3 3,12
5600 a4 2862 436 2487
3.85 1843  26i6  45.9 2.32
1,88 2141 22,3 4444 1.10
0 28,2 18,9 48.1 O

215
214
215
215
215
215
215
215

TEST DATA AT PUMP STATION NO. 3

wrY e/ _aées.zelzess_izelzel.

205
205
205
205
207
205
205
205

215
212
210
210
212
211
212
212

yﬁm;p+mn+m;hr-L0mhumu)

,g/mgg§'mﬁ

é/iﬂp = !E!E.EL%%E&.!LIEbL:T ? PF w 0.85 (assuned)

5/0vera11 Efficiency =

2/ Pump Efficiency =

WHP

= x 100

IHP

Overall Effioien
Motor Effiociency

ANNEX TABLE IV=E=3

212
210
210
210
211
210
211
ll

Line Current ‘m!
Yave I1 I2 13

25 195
245 19

24 1845
23 18.5
23.5 18

2245 17.5
21  16.5
20 15.5

IV=E=3

26
23
255
25.5
255
25
24
2265

I ave

23¢5
2262
22.7
22.3
2243
21.7
2045
19.3

; Motor Efficiency = 90% (assumed)

mr/

(80)

9483
9420
9.41
.24
9.28
8.99
8.54
8.04

Overgllﬁ/

Efficiency

rcent

3862
391
359
33.8
30.9
25,8
12,9
0

Pump?/
Efficienc
{Eroent ;

4245
43.5
39.9
375
3444
2847
14.3
0]



ANNEX TABLE IV-E~d

TEST DATA AT PUMP STATION KG, 4

pit Y g2/ Line Voltese (volts)  Lin t (amp) orere1s®/
Q P e Volt volts e Currant. Efficienc Eﬂficien
Qps) (@ (@ (@ () W ¥ B Tave I 2 I3 ILave ..(m__i _(psroenty
20,1 0 2066 2145 5eT1 235 225 220 223 3568 32 35¢5 3444 15.14 377 41.9
19.2 3.5 21s2 2547 6449 220 225 220 222 3665 32 35.5 3467 15.20 42,7 474
18.2 T.0 21s2 2%9.2 6499 220 225 220 222 365 32 35.5 34.7 15.20 46.0 5l.1
17.0 10.9 20.8 32,8 T 223 228 220 224 35 31 345 3345 1.4.8 49.6 551
16.0 14.8 20,3  36.1 T.60 225 230 225 227 34e5 31 34.5 33.3 14.92 50.9 5646
15,0 1746 20,0 38.6 Te62 228 231 228 229 35 31 34 33e3 15.05 5046 5642
13.9 20.8 19¢3 4le1 T.52 230 230 225 228 34 30 33 323 14.53 51.8 515
12,4 24.6 18,6 44.2 Te21 230 230 225 228 33 29 32 31.3 14.08 51e2 5649
10,7 2849 1766 47.5 6.69 230 230 220 227 31.5 28 30 29.8 13.35 501 557
9.1 32:0 16e7  49¢7 5.95 228 230 225 228 29.5 26 29.5 28.3 12,73 4647 519
Te§  35.6 15¢6 5242 5.22 230 232 226 229 29 44528 27e2 12,29 4245 4762
S5e4 394 54.9 549 3.90 230 233 230 231 27 23452605 257 11.72 333 37.0
0 42.2 12,4 55.6 O 230 230 229 229 22,5 20 22.5 2l.7 9.81 o o

J/Tnn-1=+m.+hf;hf-1.o (assumed)

g'/mng;TDH

-3j1m=- Yave x Iave x FF /S ; PF = 0.85 (assumed)
746

5/6verall Efficiency = %%%-3 100

Overall Efficien

2/ Pump Efficiency Motor Efficiency

3 Notor Bfficiency = 90% (assumed)

IV-E-4



‘129[

13,2
12,2
11.3
9.9
9.1
7.0
546
4.8
37

P
{m)

3.03

Te04
10,56
14,08
1760
21.12
28416
31.68
35.20
42.24

l/EDH = P+ PWL + hf where an assumed hf = 1,0 m is used.

ANNEX TABLE IV-E-5

TEST DATA AT PUMP STATION NO. 5

PHL

(m)

19.49
19.11
17493
17442
16.64
15.53
14.68
13.82
12.37
11,94

IV=E-5

ot/
(m)

2352
27.15
29449
32.50
35¢24
37465
43.84
46.50
48.57
55418

Pump Speed
—(rpm) _

1170
1160
1190
1215
1270
1320
1340
1355
1430
1515



ANWEX TABLE IV-E-6
DATA ON HYDRANT FLOW TEST NOo 1

Hydrant number 1
Elevation ahove ground _ 37 om 49 om cm Ground level
Time (pm) Pq_(m ﬁ g ]:E Py (m) U (1ps)
3:10 2,46 225 2453 3e52 0
3:11 2,11 2425 2643 127 6044
3:12 2.39 2.11 2,25 1.27 6426
3:13 2.29 2404 2.25 1.27 6,16
3:14 2029 2,08 2.18 1.27 6.16
3315 2.29 2,08 2.18 1.27 6416
3316 2.29 2.11 2,18 1427 6416
3317 2.1 2.08 2611 1.27 6.16
3:18 2411 2.08 197 1.27 597
3:19 2.25 2,10 2,08 1427 597
3:20 2046 2.18 215 1.27 597

ANNEX TABLE IV-E-T
DATA ON HYDRANT FLOW TEST NO. 2
Hydrant Number 4 5 6

Blevation above und Ground level cm 60 om

Time (pm) P, (m) P (m P¢ (m) Qs (1ps)
4:20 331 1.55 1455 (o]
41321 3,03 . 1.27 (o} 1.71
41322 2,96 1427 0 1446
4823 2.89 1.41 0 1040
4324 2,89 41 0 143
4:25 2.89 ‘ 141 0 0094
4:27 2.89 1441 0 0.85

Notes

An automat:i.o pressure recorder installed at bydrant Noe. 7 showed
a pressure drop of about 0.14 m during the test (from 0498 to 0.84 m)e

IV-E-6



ANNEX TABLE IV-E-8
DATA ON IYDRANT FLOW TEST NO. 3

Hydrant Number 8 10

Elevation Above Ground 60 cm 110 cm

Time ‘pﬁs Pg (m) Pig (m) Q0 (1ps)
2:05 507 1423 o)
2,06 4.93 0 1¢33
2,07 507 0 1e43
2:08 5.28 0 1657
2:09 5,28 0 1456
23210 5400 0 1.65
2:11 5414 0 1.56
2:12 507 0 1446
2:13 507 0 153
2:14 5421 0 1.50
2:15 5el14 ) 1460
2:16 5¢14 0 147
2:17 535 0 1.72 -
2:18 5463 o - 1466
2.19 5463 0 1466
2420 50637 . 0 1.75

Note: , \
" An automatic)ppespure recorder installed at hydrant Nb.‘g .
showed a pressure drop of about 0,56 m (from 3.52 m to 2.96 m)e

ANNEX TABLE JIV-E~9
DATA ON HYDRANT FLOW TEST NO. 4

Hydrant Number

11 12
Elevalion Above Ground 0 om 0 on
Time (pm) Pip (m) Q12 (ips)
3:40 2,82 2425 0
3:1 1497 0 3,00
3342 1497 0 3.16
3e43 1697 0 341
3:44 1.97 0 341
3345 1.97 . o 3624
346 1,97 0 3.00

IV-E-T
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CHAPTER V FEASIBILITY STUDY CRITERIA
A. GENERAL

,- The planning, design, economio, and financial oriteria used in
the water supply feasibility studies have beea derived from studies
of local conditions, accepted practioces, standards and meéthods de-
veloped in thn First Ten Provinocial Urban Areas Feasibility studies.
These .oriteria, together with the developed basia of cost estimates
have been utilized to evaluate and cempare the various alternatives
identified in the course of the study.

In the analysis and evaluation of alternatives, feasibility
study oriteria need not be as refined as those used in the detailed
development of the recommended scheme. Consistenoy is, however,
essential. As long as each alternative to be analyzed is judged by
similar criteria (or rules), the choice of alternatives will be
acoomplished in a fair and oonsistent manner.

B. PLANNING CRITERIA

This water supply feasibility study has been guided by the
following. planning criteria (not listed in ordor of importance):

l. Areawide Approach: Planning of facilities has been dome

, on a regional or arsawide basis taking into aocount the
prewant district servioo boundaries and the logical long-
term service areas bsyond present distriot or political
boundaries.

2. Source of Water: Groundwater and surfacs water have been
€iven equal oonsideration as potential aouroces of water.
However, based on the first 10 /sasibility studies, dis-
infeoted groundwaier derived from deesp wells, when avail=
able, is expeoted generally to be more economical than

convanticnally treated surface water.

2. Self-Sufficiencys The recommended plan has been developed
to provide the highest quality of water service within the
"ability-to-pay" of the consumers.

4. Conservationt In the selection among alternative plans,
water, power, chemicals and foreign exchange are considered
valuable resources which must be oconserved to the greatest
extent possible.

5. Stage Developments The recommended long=-range oonstruction
program has been divided into several stages, each of which
eatiefies the projected requirements for a speoifio design

yoar.
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' Start Construction Target

Stage. "7+ by Calendar Year Design Year
Immediate Improvement 1978 1980
Phage I-A 1980 1985
Phese I-B 1986 1990
Phzge Il-A 1991 1995
Phase II-B 1996 2000

- 6o Alternative Plan Screening and Selectiont From an array

of identified plan alternatives, the recommended plan has
been selected on the basis of least (present worth) cost
and other non-econowio parameters. The selected plan has
been testad for eccnomio/financial feasibility.

7o Skilled Manpowsr Shortage: The recommended plan has re-
cognized, in the short term, the apparent shortage in
scilled, techniocal and nanagerial expertise. Emphasis
has been given on the need for district personnel training
and certification.

8. Hater Quality: The feasibility study has identified present
and future water quality problems and inoludes rsoommenda~
tions for providing a water supply that is sats, healthful
and wholegome,. '

9 Soecial Swundness: The sucoessful completion of any project 1

must take into account the scoial aocceptebility of its
recommended programs (Appendix S, Volume IX).

C. DESIGN CRITERIA

The basis of design for these fewsibility studies is presented
in detail in Appendix F, Voiume II of this Report. The deeign ori-
teria are basically similar to those utilised in the First Ten
Provinoial Urban Areas feasibility studlies. Minor improvements/
modifications have teen mades as indicaled in the Xethodology Memo-
randa attached herein in Vclume I.

Water Accountability

As much as possible, water acoountability has been determined
through field testing snd measurement rrocedures, augmented by duta
gathered in the pilot area study surveys (see Methodology Memorande
No. 1 and 2). Where field data were not available and the pilet
area study survey results were not conolusive, the weighted average
of the water accountability results in the First Ten Provincial

Areas was used (ses Figure V-1).
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The breakdown of the water acocountability is as follows:

Perocent of Water Production

Metored Billing 14.5
Flat-Rate Billing 16.8
Underestimated Flat-Rate Use 10,2
Wastage 27.1
Leakage 24.5
Others 6.9

100.0

Water Demand Grouping

A procedure has been developed to classify communities in the
Fhilippines into one of 5 groups for purposes of water demand Pro-
Jections. Available data on population, population growth, housing,
income and other economic and technical parameters are used in the
classification, with a system of weighting (see Methodology Memorandum
No. 3). In general, the water demand requirements per capita through
the period 1980-2000 are as follows:

Oroup 1 261 -~ 273 1pod
Group 2 220 = 230 1lpod
Group 3 193 « 199 1pod
Group 4 174 - 181 1lped
K Group 5 157 = 165 1ped

'The above ralues inolude domestioc water needs; allowanoes for neminal
commercial, industrial and institutional usej and a decreasing per—
centage of unaccounted-for-wator in time.

For the mnalysis of existing conditions, actual metered (or
connected) customers and "borrowers" are considered separately
" (see Methodology Memorandum No. 2). However, for short— and long-
range planning, it has been asgumed that "borrowers" would even-
tually become metered consumers. Per capita domestic use has been
increased each year to aocsount for economio growth within the oome
mmity. Institutional and oommeroial water demands have been estie
mated)aa a perocentage of domestio demand (see Methodology Memorandum
No. 3).

Demand Variation
Maximum daily and peak hourly. demands have been estimated from

" fi61d data and available records. For the basic analysis of the
water supply faoilities, the following ratios have been useds

Ve3



naximun—-day to average~day ratio = 1,231
peak-hour to average-day ratio = 1.511 = 1,75:1

D. ECONOMIC AND FINANCIAL CRITERIA
Discount Rate

The opportunity cost of capital or disoount rate used im this
feasibility study is 12 percent. The discount rate has been used
for sconomio soreening of the technically viable alternatives (see
Chapter I)D{, Methodology Manual on Water Supply Feasibility Studies,
Volume I).

Inflationary Trends

The national economy of the Fhilippines is disouased in Appen-
dix E, Volume II. .

Projections made in this feasibility study assume a general
oost escalation ratc of 10 peroent for the period 1978 through 1980;
8 peroent for the period 1981~1985; and 6 peroent thereafter. The
cost of maintenanoce and operation is assumed to escalate at 8 per-
oent per annum,

Boonomic Justification

The economic feasibility of this water mupply projeot is based
on 2 parametars: benefit-oost ratio (B/C) and the internal economio
rate of return (IERR). These parameters are disocussed in Chapter XI.

Financial Criteria

The finanoial justification of this projeot is based on the
district customers' ability-to-pay (ses Chapters XX and XXI,
Methodology Manual) and a suggested socialized prioing scheme,
based on increasing unit cost of water with inoreasing consumption
(see Chapter X).

E. BASIS OF COST ESTIMATES

Conatruction cost curves have been dsveloped for inplace costs
of pipelines, deep wolls, water treutment plants, pump stations, and
storage reservoirs. These cost curves have been used for estimating
the relative cost magnitudes of alternative water supply plans. Ee-
calation factors wused in caloulating the capital cost of reccmmended
improvements in July 1978 prices, as well as the above unit costs,
are presented in Appendix G, Volume II,
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F. IMPLEMENTATION SCHEDULE

For purposes of feasibility study and eoonomic/financial analyses,
an implementation schedule has been assumed. PFigure V-2 shows the pro=
bable time~table which covers the planning, design, and implementation
of FPhase I-A., It is assumed in these feasibility studies that the
recommended Immediate Improvement Frogram (see Interim Report, February
1978) is to be fully implemented by the LWUA Interim Demonstration Pro~
gram by 1980,

PHASE I~A PROJECT SCHEDULE

Final Report Submission March 1978

Select Final Design Engineer Dacember 1978

Start Final Design May 1979

Complete Final Design . December 1979

Start Construotion ¥ay 1980
V-5



l. IMPLEMENTATION ¢+ ;a4 EDIATE
IMPROVEMENTS #
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CHAPTER VI POPULATION AND WATER IEMAND PROJECTIONS
A. GENERAL

A necessary step in developing the preliminary design of a

. water system is the projection of served population and water

demand for the delineated service area. These projections signifie
cantly affect facility layouts and sizes, construction staging and
cost of the projects The projections for the FER-WD are discussed
in this chapter.

B, POPULATION PROJECTIONS

The population and corresponding growth rates of San Fernando
from 1948 to 1975 as recorded by the NCSO are shown helow and Gome
pared with the growth rates of Pampanga and the Philippines for the
same period,

Annual Provincial National
Year Population Growth ‘ﬁ) Growth sﬂ OGrowth (ﬂ
1948 . 39,549
1960' ":56’861 3007 1948—60 333 . 3.10
1970 84,362 4,02 (1960-70 3.93 3,00
1975 98,382 3.12 (1970~75 2.81 2.66

Except for the period 1948-1969, the annual population growth
rates for San Fernando were slightly higher than the provincial and
national growth ratess The increase in population growth rate for
1960-1970 was caused primarily by the migration to San Fernando of
the vorking populace attracted by the employment opportunities
generated by emerging establishments'liks banks, hospitals, colleges,
manufacturine and industrial firms (the Pampanga Sugar Development
Company, the San Miguel Corporation and Pepsi-~Cola Bottling Company
are among the largest industrial firms). The economic growth and
social progress were enhanced by the peace and order condition of
the town, in contrast to the neighboring towns troubled by insurgent
movement arising from agrarian problems., The decrease in growth
rate for the period 1970~1975 for San Fernando can be correlated to
the decrecase in the provincial and national growth rates for the
same periode -

Population projections for the years 1970-2000 .for San Fernando
Were also made by the National Economic and Development Authority
(NEDA) and the Commission on Population (POPCOM) -and disoussed in
Appendix H, Volume II. These projections are as followss
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tion from rural fo urban areas. However, the
growth rates for the service area have been projected to deorease
gradually from 1980 to the year 2000, This decrease will be &
result of the wider acceptance of family planning in San Fernando
and the saturation of the service area.

Projected service area populations are shown in Table VI~1 and
Figure VI-2 and are summarized as follows:

Average
Population Service Density in
Total Overall Annual in Service Area Service Area

Yoar Population Orowth Rate(%) Area (na) rsons
1975épreeent) 76,549 . 26,498 206 129
1980(immediate) 93,190 4.01 (1975-1980) 44,620 351 127
1990 125,260 3,00 (1980~1990) 86,510 821 105
2000 165,210 2,80 (1990-2000) 148,090 1,387 107

The analysis shows that the population in the service area will
inorease from 26,498 in 1975 to 148,090 in the year 2000, The total
population of the poblacion and other barrios included in the pro-
Jeoted service area will increase from 76,549 in 1975 to 165,210 in
the year 2000 or more than twice the 1975 population within a epan of
25 years. Densities in the service area will average botween 105
129 persons per hectare. Overall annual growth rates in this area
will decline from 4,01 in 1980 to 2.80 percent in 2000,

C. PROJECTIONS FOR SERVED POPULATION

The served population in the FER-WD is projeoted to inorease
significantly in the next two decades, The increase will be a
result of: (1) the intense campaign of the FER-WD to commect and
reconnect as many customers as possible; (2) the desire of the resi-
dents in the FER-WD to partake of the benefits of modern piped
system; and (3) “he incroase in population and in the geograpiniocal
coverage of the FER-WD, '

1

Table VI-2 shows the breakdown of the served population prow-
Jections for the poblaolon of San Fernando and the barrios within
the service area. Figure VI~2 shows that the served population in
the year 2000 will increase more than six times the 1980 served
population. The served population in the present service area will
grov faster than that in the future service area extansions. Dur
the period 1975-2000, the increase in population would be highest

in the decade 1990-2000, The served population projections are
summarized as followsi '
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TARLE VI-1

SERVICE AREA POPULATION FROJECTIONS
SAN FEENAEDO VATER DISMRICY

sent o8 Inoediste Sarvice irss 1990 Service Ares 2000 Servics Ares
Pecpulation Populatica in Service Donsity Fopulation in Sarvice Dezsity Populatica in Ssrvics Density Population in Ssrvice Density

Servjce Ates Area(ha) Persons/Hy Sarvice Ares Area(ba) persons/ia Servics Area Area(ha) Persane/Es Service Servics Avea Area(ha) Perscos/Ta

Foblaciane 9,077 74262 48 151 9,030 56 161 11,430 &4 179 15,030 3 205
5ta. locia 75904 4,742 37 128 7,640 55 132 10,950 72 152 13,690 78 158
San Fedro 3,565 1,428 n 130 2,250 16 141 3,800 25 152 6,940 52 134
Jolores 8,563 860 6 143 2,170 13 167 9,250 142 65 17,070 154 113
Jzlians 2,805 1,954 8 246 2,240 10 224 3,870 15 258 4,620 15 08
Del Pilar 8,200 1,230 9 137 4,890 4 11 13,280 98 136 17,680 102 173
Saz Jose 7,668 1,534 8 192 3,660 15 284 4,970 26 191 13,350 188 124
San Juan 2,712 814 21 39 1,280 30 2,180 103 21 4,090 19 21
Santo Nifio 9,520 5,564 58 115 9,630 -] 17 12,940 9% 138 21,320 108 9
San Ficolas 74199 - - - 1,830 18 102 7,810 4 - 18 17,850 78 229
San Agustin | 4,366 - - - - - - 4,790 63 - 16 8,740 122 72
San Felipe 1,119 - - - - - - 1280 . 78 1 2,070 e8 23
Juebianan 1,047 - - - - - - - - - 1,769 70 25
Saa Isioro 1,925 . - - - - - - - - - 3,400 107 32
Del Rosaric 815, ° - - L= - - — - - - 12080 38 22

T074L 76,549 26,498 206 . . 129 44,620 351 12 86,510 824 - 105 148,030 15387 107

I

#Includes barrics Sta. Teresita and Lourdes

Vi
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SERVEL POPULATION PROJECTIONS
SAN FERNANDO WATER DISTRICT

TABLE VI-2

Present 1980

Service Immediate

1990

2000

Area  Service Area Service Area Service Area

I. . POBLACION®

Ae
B,

Ce
D.

Population in Service
Area

Nunber of Service
Conneoctions
Conneoted Population
% Connected .

II, STA. LUCIA

A,
B.

Ce
D.

Population in Service
Area

Rumber of Service
Connections

Connected Population .’

% Connected

III. SAN PEDRO

Ao
B.

+
Do

Population in Servioce
Area

Number of Service
Connections
Connected Population
% Connected

IV, DOIORES

Ao
B.

Ce
- De

Population in Servioe
Area

Number of Sexrvice
Connections
Connected Population
¢, Connected

4

7,262 9,030
3 212 . ;30
1 70
506 558
4,742 . 7,640
g;’g 210
14440

1% 19%
1,428 2,250
79 * 200

553 1,360
39% 60%°

860 2,170
400 1,440
aTh  66R

*Inocludes Sta. Tomaité and lourdes

11,430
1,770

10,630
9%,

16,950 |
550
3,2
3%

3,800

560
3,340
8%

94250

1,390

Yoy

8,330 |

15,030
2,570

) 1452%0

413,090

1,140
6,280
48%

6,940

1,140
6,250

17,070

2,790
15,360
90%

o



. TABLE VI-2 (Continued)

. Present 1980
Service Immediate 1990 2000
Area  Service Area Service Area Service Area

Ve JULIANA
_ Ae Population in Service
~ Area 1,964 2,240 3,870 4,620
Be Number of Service ) B '
" - Connections 132 210 560 730 -
Ce Connected Population 924 1,440 3,330 . . 4,020
* D¢ % Conneoted 504, 64% 6. ‘ 67%
VI DEL PILAR -
A. Population in Service ' ‘
Area 1,230 4,890 13,280 ' 17,680
B. Number of Service Ay
""" Connections 25 130 890 2,060
Ce Connected Population 175 880 5,310 11,310
D. % Conneoted 14% 18% 408 64%
VII. SAN JOSE : A
A. Population in Service = e
Areg ‘1,534 ; 3,660 e 4,970 . 13,350
B. Number of Service e . '
Connections 130 300 " 700 2,090
Ce Connected Population 910 2,020 4,220 11,480
D, % Conneoted 59% : 55% 85% 86%
VIII. SAN JUAN
A. Population in Service
Area 814 1,280 2,180 4,090
Bs Number of Service a .
" Connections 25 120 320 660
C. Conneoted Population ' 175 800 1,920 3,640
D, ¥ Connected 21% 63% - 884 69%
M., STO0. NINO .
A. Population in Servioce , 3 ’
Areg 6,664 9,630 . . 12'940 . RE 21’320
Be Number of Servioce o )
Conneotions 163 340 1,340 - 2,790
Co Conneoted. Population 1,140 ,310 8,020 15,350
De % Conneoted 1% 24,o 62% 72%

VI-6
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TABLE' VI~ 2 (Contimued)

.Present 1980
Service Immediate 1990 2000
Area  Service Area Service Area Service Area

Xo SAN NICOLAS

A« Population in Servi.oe,'
Area 1,830 7,810 17,850

B, Number of Service
Connections ' 45 560 2,210
C. Comnected Population . 320 3,360 12&0

De ~ Connected 2 43%

XI. SAN AGUSTIN
A. Population in Service

YA

Area ' '4,790 8,740
Be Number of Service .

Conneotions , 400 1,050
Ce Connected Population - 29390 5,770
D. % Connected 508 66%

XII. SAN FELIFPE
A Population in Service.

Area 1,240 . 2,070
Bs Number of Service R

Connections L .90 230
C« Connected Population <510 | 14240
De & Connected A% * 60%

)
+
of

XIII. QUEBIAUAN
As Population in Service

Area , 1,760
B, Number of Service

Connections 130
C. Connected Population 40%

XIV.e SAN ISIDRO
A. Population in Service ' .’

Area 3,400
Be Number of Servioce

Conneotion 280
Ce Connected Population 1,530
Ds % Connected ' 45%



TABLE VI-2 (Continued)

Present 1980
Service Immediate 1990 2000
-Avea  Service Area Service Area Service Area
XV. DEL ROSARIO ’
A, Population in-Servioce

_ Area ‘ 1,080
B, Number of Service

Connections T0

Ce Connected Population 380

Ds % Connected 35%

Total Number of _

Connections 15245 2,49 9,130 19,940
Total Population 26,498 44,620 86,510 148,090
Total Connected

_ Population 8,715 - 16,980 54,650 109,580
% Served Population 33 38% 63% T4%

VI8



Projected Served Population in the Percent

Year ) Population Service Area Sered
1975 §present) 8,715 26,498 33
1980 (imnediate) 16,980 44,620 3
1990 54,650 86,510 63
2000 109,580 148,090 14

Table VI-3 shows the year-by-year projectionsof the served
population.

D. WATER DEMAND PROJECTIONS

The water demand of the FER-WD has been projected to increase
significantly as a result of continuous growth in served populam-
tion. Per capita domestic water use, commercial/industrial/insti—
tutional use, as well as unaccounted-for-water (expressed as
percent of production) have been estimated for the years 1980, 1990,
and 2000 for the service area. Based on analyses (see Methodology
Memorandum Nos 3), FER-D has been olassified under Group IT, which
has the following water use parameterss

1980 19% 2000

Domestic use, lpecd 120 135 150
Commercial/industrial/insti-

tutional, lpecd 18 23 3C
Accounted-for-water, 1lped 138 158 180
% Unaccounted-for-water 40 28 20
Total Water Demand, 1lpcd 230 220 225

Using the above water demand parameters and the projected
served populations, the water demands for the design years 1?80,
1990 and 2000 are as follows (see Table VI-3 and Figure VI-3):

1980 1990 2000

Water demand (lpcd) 230 220 225
Served population 16,980 54,650 109,580
Average daily water deman icumdg 3,910 12,020 24,660
Maximum-day water demag cumd 4,690 14,420 29,590
Peak-hour water demand¥ (oumd ) 6,840 21,040 43,150

The unaccounted—for-water is estimated to diminish from 40
percent in 1980 to 20 percent of total water demand by the year
2000. This decrease in unaccounted-for-water will be & result of
the water district's efforts to minimize water losses through an
extensive leakage and wastage survey and repair program, total
metering of all connections, and sound management and operation
practices.

;/based on 1.2 times average daily water demand.
Based on 1,75 times average daily water demands

Vi-9



YEAR-BY-YEAR FR

TABLE VI-3

OJECTIONS OF SERVED POPULATION
AND WATER DEMAND
SAN FERNAKDO WATER DISTRICT

Served Average-Day Maximum~Day Peak~Hour
Year Population Demand (cumd) Demand (oumd) Demand (oumd)
1978 10,600 2,400 2,880 44200
1979 13,420 3,050 3,660 5,340
1960 16,980 3,910 4,690 6,840
1981 19,080 4,370 5,240 7,650
1982 21,450 4,890 5,870 8,560
1983 24,110 5,470 6,560 9,570
1984 27,100 6,120 7,340 10,710
1985 30,460 6,850 8,220 11,990
1986 34,240 7,670 9,200 13,420
1987 38,480 8,580 10,300 15,020
1988 43,260 9,600 11,520 16,800
1989 48,620 10,740 12,890 18,800
1990 54,650 12,020 14,420 21,040
1991 58,590 12,920 15,500 22,610
1992 62,810 13,880 16,660 24,290
1993 67,330 14,910 17,4900 26,100
1994 72,180 16,020 19,220 28,040
1995 77,390 17,220 20,660 30,130
1996 82,960 18,500 22,200 32,380
1997 88,940 19,880 23,850 34,790
1998 95,350 21,360 25,630 37,360
1999 102,220 22,950 27,540 40,160
2000 199,580 24,650 29,590 43,150

VI-10
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CHAFTER VII WATER RESOURCES
A, GENERAL

The FER-WD currently obtains all of its water supply from old
wells of moderate capacity. The possible sources of additional sup-
ply for San Ferrando are groundwater and surface water from the Pam-
pangs River and smaller nearby rivers, Water rights to the chosen
source must be obtained from the National Water Resources Counoil
by FER-WD as expediently as possibles.

B. GROUNDWATER RESOURCES

The FER-WD is located in the southern part of the Central Plain
of Luzon and the entire present and projected service area lies with-
in the Central Plain, a very productive groundwater region. Wells are
in alwmost all cases used for city, private arl industrial water supply
bhut are not currently in use for large-—scale irrigation near San Fer-
nando. Most of the wells in the immediate vicinity of the FER-WD con-
sidered for this study are shown in Figure VII=1, Numeroas additional
distant welle were studied for regional analysis. Relevant information
on wells is shown in Annex Table VII-B-1. The oritical fuator in
groundwater exploitation is control to avoid overproduction, rather
than the immediate technioal problems of production. Even at prosent
production rates, groundwater levels are declining, thereby inoreasing
rumping costs and threatening to cause sea water intrusion.

Geology and Topography

The Central Plain of Luzon is the physiographic expression of a
large structural trough separating the Zambales Mountains to the west
from the Sierra Madre Mountains to the east and the Caraballo Mountaine
to ibe norths This trough was depressed below sea level repeatedly
during Tertiary and Early Quaternary times. The drough was last filled
to its present extent with material washed down from the mountain slopes
and deposited in the form of fan and deltaio deposits and, later, flood
plain deposits. The deepest well in the Pampanga area is over 280
moters deep (at Lubao) and penotrates only part of the Quaternaxry allu-
vium, but the underlying rocks can be inferred from exposures of older
rocks in the hills and mountains that lie to the north, east and west,

The basement complex exposed in the Sierra Madre and Zambales
Mountains consists of besic igneous and metamorphio rocks probably of
Cretaceous to Early Tertiary Age. Overlying the basement are tuffa-
ceous olastic sedimentary rooks (shales, siltstones, sandstones, oon-
glomerates) of Middle to Late Tertiery Age. Limestones are observed

VII-1
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locally. The Tertlary sediments in part are overlain by the
Quaternary Guadalupe tuff (or other -tuffaceous beds of similar
age) composed of waterlain, engular voloanio debrise Those sedi-
ments, in turn, are overlain by the alluvium that fills tho de-
pressed plaine

The Quaternary alluvium is an intricately interbedded sequenoce
of clays, sands and gravels with a small amournt of local cementa~
tion, probably a mixture of fluviatilo, dsliaic and beach deposits.
Most of the beds are of limited extont. The original complex pate
tern of deposition ond reworking has resulted in a maze of fingers
and lenses of clays, sande and gravels that are diffioult to trace
and prodict. Anmex Figuros VII-E~1 through VII~B-9, are strati-
graphic logn of velle in the area that illuetrate the situation.

The stratigraphy es shovm is simplificd because many of the major
units logzed are groups of thin tods lumpod under the nameo of the
major consiituont. Unfortunately, the terminology uoed by the dril-
lers in describing tho stratigraphioc sootion is noa-standardized and
the exact nailure and water—bearin; characterisiics of many beds
cannot bo daterrined from tho loja. Occasional beds of adobs (tuff),
shells and limesicae are encountorsd in some wells as would be ex—
peocted in a depoziticnal envirvenment at the edge of volcanic islands.
The Quaternary elluvium is riore than 200 moters thiock in the deepest
well in tho Son Fernando area. Total thickness at fan Fernando is
probably much greater,

San Fernando poblecien is siluated in the flat Central Plain
but the alluvicl deposits are bounded or interrupted by outcrops of
older rocks; ilLo Z-xbnles Mounioins ebout 18 km to the west; the
Sierra Madre lountaina alout 30 X to tho oast; and the isolated vol-
canio peek of Mount Arcyot rhout 92 I'a to tho north (Pigure VII-2),
Thees oldar ruckn wore high arces pticking out of the sea (or above
the plain) in vhich the Quatornory alluvium wes deposited around
and between theme Thu shoro of HMinila Bay is about 25 km south of
the poblacion hut fishporis cnd salt rorshes extend very much closers
The terrain is so flat and lcw that the emaller rivers near San Ferw
nando are frequently calino becouse of tidal effects and underflow.

Walln

Wells in tho £on Fernando arca ronge from shallow, hand-dug
wells to borod holes over 280 motors deeps Tables VII=1 and VII=2 and
Annex Tohle VII-B-1 are rumneries of portinent records of those BFW
wells, munioipnl wells and one NIA test woll for which construction
data, logs, statioc water levols or pumping date are available. These
wells, located in San Fornando and the surroundingz rmmicipalities,
were siudied to evaluate the aquifer and to derive probable production
well parameters,

\
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TABLE VII-1
SPECIFIC CAPACITY VERSUS DEPTH

Depth Range No. of Welle Average Specific Maximum Specifioc Minimum Specific
(m) in Sample = Capacity (lps/m) Capacity (1ps/m) Capacity (1lps/m)

0-10 2 1420 2.1 0,29
10-20 22 1.33 13.57 0.04
20-30 29 0.62 3,13 0.03
30-40 21 " 0490 2.53 0.13
40-50 40 0,63 3.15 0.03
50-60 21 0447 1,22 0.07
60-70 12 0,59 2.35 0404
70-80 4 1.09 2,53 0,30
80-90 6 1.10 1.75 0.31
90-100 2 14.38 26425 2,52

100-150 17 3.14 33,60 0.19
150-200 6 1.53 5425 0.32
200-250 2 1,28 1.84 0.71
250-300 1 096 0.96 0.96
. 185
TABLE VII-2

SPECIFIC CAPACITY VERSUS CASING DIAMETER

Smallest

Casing Noe of Wells Average Spooific Maximum Speocifjo  Minimum Speoci

Diameter (mm) 4n Sample Capacity (lps/m Capacity (1ps/m) Capacity(lps/s
62 3 0.67 1.27 0.25
75 1 0.25 0.25 0425
100 85 0.68 3.19 0.03
112 42 1.28 1357 010
150 28 2,85 33,60 0,07
200 2 1.44 1,84 1.03
250 1 525 5425 525
400 . K 0069 0.69 0069

163
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The wells range from 6 to 284 meters deep, are cased with 60~
to0 400-mm casing, were constructed by peroussion drilling methods,
and mostly produce from either open-holes or slotted pipe at the
bottom of the hole. The section tapped is generally not the only,
or even the best, water-producing formation. These wells are of
poor oonstruotion and design and, oconsequently, of low yield and
low specific capacity.

Data from a large number of EPW wells and the NIA well are
given in Tables VII-1 and VII-2 to show the relationships between
specifioc capacity (rate of water production per meter of drawdown)
and construction characteristice of depth and ocasing size.

There is no statistiocally significant variation in speoific
capacity with well depth or casing diameter, However, the 150-mm
diameter cased wells have a considerably greater specific capacity
than all other groups,except for the 250-mm diameter oased wells
where the sample (one well) is too small to be meaningfule The im-
pliocation of these data is that the specific capacity, or the
productivity at a reasonable pumping level, is independent of the
depth and diameter of the well (except as noted above)j and further—
more, that the productivity of almost all these wells is fairly low.
This is partly a result of poor design where only the bottom of the
hole is productive, regardless of depthe. The reason for the high
average specific capacity of the 150-mm cased group is that two ex-
tremely productive 8lls are included in the 28 wells in this
group, significantly increasing the average. The average figure for
the remaining wells is not outstanding.

The two ertremely productive wells are CDM No. 2, about 4 km
east of Jan Fernando, and CDM No. 27, about 10 km northeast of San
Pernando (Annex Figures VII-B-1andVIEB-8). The great contrast between
the speoific capacities of these wells and all other local wells,
and the location of these wells, indicate that they produce from
an abandoned buried channel of the Pampanga River. This ancient
channel obviously is very permeable, but drillers' logs are so poor
in descriptive terminology that the permeable sirata cannot be recog-
nized in the logs. Such channels may be fairly common but they can~
not be distinguished by surface examination.

The almost uniformly poor well performance is taken to indiocate
a fairly poor aquifer in the area. FPoor performance of most exigt-
ing water supply wells in the Central Luzon Plain is expected beocause
~ of poor well design and construotion practices, but in many places
where other wells are not better than those shown here, the NIA and
& few qualified commeroial drillers have been constructing excellent
large capacity wells. In the case of San Fernando, it appears that
the aquifer actually is only fair and is truly the limiting factor.

Vii-4



The NIA has drilled and tested two 250-meter deep wells
(CDM~3, Annex Figure VII-B-2) at Barrio del Rosario, about 2 km
norithwest of San Fernando poblacion. One well was used ag & tent
woell, and the othor aa an observation wells The iesi well is of
excellent design and oconstruciion, with 107 meters of well screen
set according to alaetrieal and stratigraphic log data. It pro-
duced 44.1 1ps during test with a drawdown of 24 metera; a specific
capzeily of .44 lps/ho The overall trensmissivity of ths aquifer
was compuied at sbout 240 cumd/m, a figure indicating a fair aquifer
oapable of supporiing wells of moderstely large productivity. An-
nex Table VII-B-2 lists tho pumping tost and recovery deta and Ane
nex. Figures VII~-B~-10 through VIT-P-13 are semi.logarithmic plots of
recovery and drawdown data with an analysis of aquifer transmis—
sivitys, The somewhat upcurved drawdown plot for the pumping well
(Annex Figure VII-B-10) and ihe greater transmissivities derived
from the cbservation well data result from partial penetration ef-—
focts in an anisotropiec zquifer and indicate that the specific
capacity would have been slightly bestter if the well had bean deepere.

A team of LWUA~CDN engineers ran a series of brief pumping tests
on all five FER-WD production wells partly for the purposes of deter—
mining specific capacities and aquifer transmissivities et each well
site. The pumping test data are presented in Annex Tables VII-B-}
througk VII-B-7 and the semi~-log plots of the time-drawdown data are
presentod in Annex Figures VII-B-14 through VII-B-18. Several plots
show curves that are concave upward indioating partial penetration
effects, an aquifer improving at a distance, intercepted recharge or
some combination of theses Assuming that the later~time-period data
ars more descriptive of the aquifer as a whole, transmissivities
were derived from the data. The results are shown in Table VII-3
balow.

TABLE VII-3
FER-HD WELL FUMP TEST RESULTS -
. FER-WD Well Pumping Rate Specific Capacity = Transmissivity
(CDM No.) (1ps) (1ps/$ {cumd/m)
7 2740 3.6 199
6 19.2 1.3 136
5 T4 0.3 45
8 604 004 ! 27
4 10.8 1e3 . 100
VIS



The specific capacities of these wells are similar to those
of almost all the wells described in Annex Table VII-B~1, The
transmissivities derived from rate of drawdown confirm that all but
one of the FER-WD wells are reasonably efficient, the 150-minute spe-
cifioc capacities being close to the maximum possible from aquifers
with the corresponding local transmissivities. However, the speci~
fic capacity of CDM No. 6 should be much greater, considering the in-
dicated transmissivity; and old BFW data, Annex Table VII~B-1, show
that the speocific ocapacity of this well was more than 3 times great-
er in 1955 than it is today. Obviously, either encrustation of the
well soreen or packing of fine particles around the well bore has
caused well deterioration.

It will be possible to oconstruoct wells in the San Fernando area
that are on the average somewhat better than the average BPW well
described herein by drilling deeper, screening all permeable material
encountered in the borehole, and minimizing well losses. “However,ex-
cept for the unlikely chance of drilling into a poermeable buried
river channel, the new wells will not be nmch better because the
aquifer transm1591V1ty 18 limited. For economic studies, an average
aquifer transmissivity of 150 cumd/h and an average speocifioc capaocity
of 1.1 1ps/in are assumed. Under these conditions, wells of 30 lps
production rate would show about 27 meters of drawdown and a pumping
level of about 37 meters below ground level while static water levels
are at existing depths,

Aquifer

Within the projected service area of the FER~WD, the Quaternary
alluvium is a productive artesian aquifer system. The thickness of
this aquifer is unknown but it appears to encompass most of the allu-
vium which is at least 280 meters thick looally and is assumed to be
such thicker. This artesian aquifer system may include some older
underlying beds at depth and may be contiguous with the aquifer asys—
tem in the surrounding hills.

The aquifer consists of lenses of water-bearing material, ran-
ging from fine sands to gravels, deposited in a complex and random
pattern and confined by equally complex olay lenses, The well logs
indiocate clayey beds at the surface in essentially all cases, which
inhibit direct recharge in the San Fernando vicinity.

The aquifer is anisotropic and will act as a gemi-confined
aquifer in that early response to pumping will be in the artesian
aquifer range, that is,with a small storage ooefficient; however, as
plezometrio head falls and various sand beds are dewatered,response
wWill be .n the unconfined (water table) aquifer range ulth a very
much greater storage coefficient. This effect will tend to slow the
general lowsring of the aquifer piezometrio levels (or water table)
that is already in progress, even with the limited ourrent pumping
withdrawals,

VII=6



Overall aquifer transmissivity in the San Fernando area is
estimated to average about 150 to 200 cumd/m, which is much less
than the transmissivity in most of the Central Plain. An early
storage coefficient of 0,002 is derived from the only complete pump-
ing test in the Sen Fgrnando area (Annex Figures VII~B-12 andVII-B-i3),
but long-term storage coefficients should range between O.1 and 0.2.

Recharge, Discharge and FPlow of Groundwater

Recharge to this aquifer is through infiltration from direct
precipitation and from streams into the exposed permeable beds along
the edge of the foothills west and north of San Fernando. Imitially,
the recharge water is under water table conditions but becomes con-
fined upon moving below the olay beds, as shown by historically free-
flowing wells in the San Fernando area. Additional recharge mey
reach the Quaternary alluvium from infiltration of precipitation in
the mountains and foothills to the west through transfer from older
permeable beds where the alluviwum abuts these beds along the buried
edge of the hills. The sandy deposits of the Pampanga River channel
probably extend through the surface clays. The current shape of the
contours of the piezomstric surface, Figure VII-2, and the current
relative elevations of this surfaocs and river levels indiocate that
recharge also now comos from the Pampanga River near San Fernando,
and a small amount probably comes from the smaller rivers and swamps
in this area as well. In the past, when groundwater levels were high-
er, groundwater disoharge into the local rivers and swamps undoubtedly
oocourred instead of the present-dany reversed conditions.

Before large-scale artificial withdrawal of water (pumping from
large-capucity wells), the local and regional groundwater balance was
in a state of dynamic oquilibrium. In the San Fernando area, there
was little local recharge because of the w'despread surface clays
and the near-surface or above~surface piezoietric levels. There was
a large natural discharge into the local rivers and swamps where
groundwater piezometric levels were above ground levels. The remain-
ing groundwater underflow discharged into Manila Bay. Thus the pre-
existing system was essentially one of groundwater underflow entering
the San Fernando area from distani recharge sources to tre northwest,
gome discharging to the surfaoe looally and the remainder flowing in-
to Manila Bay to the south.

All well water produced must come from one or more of & limited
number of sources; groundwater storage, inoreased recharge, or diverted
discharge. The natural state is normally one of equilibrium as desw
oribed sbove with total reoharge equal to total disocharge and stable
groundwater storage. When a well first begins to operate, all the
pumped water comes from local groundwater satorage (immediately Sun-
rounding the well) as a result of the decreased pressure in the well
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caused by pumping. Thic zone of deorsased pressure (or lowered
piezometric head) spreads radially from the well as stored ground
water flows from the aquifer to the well, and it oconiinues to

spread until the arca of dopressed plezometrio levels ocauses either
an increase in recharge (local or distant) or a deorease in pre-
established groundwater discharge (local or distant) equal to the
pumping rate of the well, When this ocours, a new equilibrium will
be established with no further depletion of groundwater storage,

If the increased recharge or diverted discharge (or ocombination
ihereof) is local, equilibriwn will be quickly established with
rinimal lowering of the piezomeirio surface; but if they are distant,
equilibriuva will be long delayed resulting in a widespread and large
depression in groundwater levels. If no sources of inoreased
recharge or diverted discharge large enough to equal the punped
withdrawal rate can be tapped, then the groundwater levels will oonw
tinue to drop until the well bocomes inoperative or the aquifer is
depleted,

In the ocase of San Fernando, it is obvious that punped discharge
in the arca hes been exceeding any diverted underflow, diverted dige
charge or induced additional locel recharge for many years. As a
result, groundwater storage hes been inoreasingly depleted aud, oon=
ssquently, the groundwateor piezomstrioc lewvel has been lowersd.

Tablo VII-4illustrates the situation locally and near San Fernando
Poblacion,.

TABLE VII-4

STATIC WATER LEVELS NEAR SAN FERNA®') POBLACION
(Meters Above (+) Or Bolow (=) Groird Level)

HWall S3L ~ 1653 to 1979 SHL = 12:1
ChM=y Above ground level - 845
CDH-B - 105 ind 9‘1
CDM-6 + 2.1 - 8.2
CL. =7 1047
CDA-8 - 9,1
CD}M~11 - 304
CDM~-13 - 3.7
CDM-14 - 0.0

Averago - 1.0 (approximate) = 9.1

Thuz, the static wator level has declined over 8 meters in about 20
yoars even at the present rate of pumping. Most of this deoline
probably has oscurred rocently, The rate of pumping is expeocted to
lucrecne steadily in tho coming years as population increases and
indust:rial, commoroial and agrioultural demand likewise inocreases,
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The present groundwater piezometric levels in the Central Plain
are shown in Figure VII-2. In the San Fernando area, these levels
are already below sea level and, as groundwater withdrawals continue
and inorease, these levels will decrease further. The major danger
of this trend is that a groundwater gradient has already been es-
tablished from Manila Bay 1o the San Fernando area. Groundwater
flow has undoubtedly reversed its historical path and sea water is
flowing into the aquifer from the outorop area of the aquifer under
the sea toward the San Fernando area. The gradient is still gentle
and the undersea outcrop area is & long way from San Fernando so that
many years probably will elapse before salinization effects are noted.

Manila provides an example of the proocess involved although the
saline grondwater flow path from Manila Bay is shorter to Manila than
it is to San Fernando. Originally, groundwater under Manila was none
saline and static water levels were above sea lovel. Todsay, the upper
groundwater is saline to depths of over 150 meters and the static water
levels are deeper than 100 moters in places. Wells are now being
drilled so as to produce the water in the aquifer that is still fresh
at depths of over 200 meters,

The regional situation also is illustrated by the ocontour map
of the groundwater piezometric surface of the Central Lugon Plain
(Figure VII-2). This shows the mource of the groundwater underflow to
the northwest of San Fernando and the ultimate discharge of the ground-
water underflow to Manila Bay south of San Pernando. However, the
groundwater gradient becomes so flat in the middle of the Central Lugzon
Plain that all of the groundwater flowing from the east, north and
west cannot be flowing into Manila Bay. Much, if not most, of the
groundwater underflow into the Pampanga River basin must rise to the
surfane in seeps into the swamps and streams of the southern Central
Plain where the artesian head is above %he ground surface. All of this
water is lost by non-beneficial evapo~-transpiration and surface runoff
into the Bay. It should be noted that priezometrioc levels shown are
generally characteristic of the upper part of the aquifer and higher
levels may exist in the lowaer part of the aquifer in some arecas,
These levels are derived from data in Annex Table VII-B-1, from other
BPHiuell data, from CDM field observations, and from NIA observation
wel data,

In the vioinity of San Fernande, the piezometric level. range
from sea level to more than 10 meters below ses level. Such areas
were once, when groundwater piegometrioc levels were higher, areas of
groundwater seepage and loss into river channels and swampsd, They
now are areas of recharge to the aquifer whersver the surface layers
are permeable enough to permit infiltration, and thus add somewhat to
the available groundwater. The major significance of this area of
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depressed groundwater levels is that it acts as a sink or drain
and diverts groundwater underflow from north and south of San Fer-
nando into the San Fernando area whare it can be pumrad for mni-
cipal use, Unfortunately, this sink also induces saline recharge
from the sea,

Current recharge to the aquifer is iargely restrioted to the
edges where infiltration and transfer from surrounding areas oan
ooour, as has been previously noted. Neither current recharge nor
future additional recharge induced by pumping can be quantified with
existing data, but groundwater flow is to the southeast at a gradient
of about 0.006 in the San Fernando area. The average overall trans-
missivity of the aquirer in this area is estimated at 150 cumd/m or
more. Aocording to Darcy's Law of Flow:

Q/kn (of aquifer width) = T x G x 1000 m/km

Wheret
Q = Groundwater underflow (oumd)
T w Aquifer transmissivity (oumd/m)
G = Gradient of the piezometrioc surface

_ ors

Q/xm= 150 cumd/m x 0,006 x 1000 m/km = 900 cumd/km (mini-

mum estimate)

The underflow of groundwater can be used to roughly determine the
groundwater available for exploitation. The FER-WD average daily
demand is projected to be about 14,400 oumd in 1990 and 29,600 -umd
in 2000, To obtain all this water from underflow would requirs di-
verting and capturing all the underflow in a band about 16 km wiide by
the year 1990 and 33 km wide by the year 2000, Less than this ocom~
puted amount of underflow would have to be captured because induced
additional recharge, as noted previously, is supplying some of the

water to be pumpad. Although projeoting accurate future pumping levels

would require producing & model based on much more than the available
data, it is apparent that diverted groundwator underflow and induced
additional local recharge are not supplying even the current demand
for groundwater in the San Fernando area and the decline in levsls
resulting from depletion of groundwater storaze will continue and in-
oreage even if the San Fernando area were the only consumer.

Unfortunately, there are numerous other fairly large towns in
the region that are expected to grow at the same rate as San Fernando
and ultimately to consume the same per capita water quantitiess The
total domestic, commeroial and industrial water requirements will be
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several times that projected for San Fernando, Oroundwater will
undoubtedly be used to meet these requirementis.

In addition, the area is short of irrigation water and, con-
sidering the fair underlying aquifer, large~scale groundwater irri-
gation mey be introduced. Assuming that one moter net (a low esti~
mate) of irrigation water will be required o supplement rainfall,
an annual average of about 2,700 cumd of irrigation water would be re-
quired per 100 hectares (one sqkm) of irrigated lande The full year
2000 water requirement for FER-WD would be needed to support 1,000
hectares (10 sgkm) of irrigated lande If groundwater irrigation is
not restricted or prohibited, very rapid lowering of the piezometric
surface and salinization of the aquifer will ooccur soon, making the
equifer unfit to supply the local commnities long before it would
otherwise oocur,

With available data, it is not possible to prediot groundwater
levels at various future dates with any certainty; but, as more data
on aquifer characteristics and response become available, predictions
should be made based on model studies., One favorable factor is that
as groundwater piezometric levels drop below the clayey surface beds,
the storage coefficient of the aquifer will increase greatly and more
groundwater will be available from storage, thus slowing the decline in
groundwater levels,

The implications are that the FER-WD must obtaln firm water
rights to its long-range requirements from the National Water Resources
Counoil and introduoe & groundwater monitoring and study progrem for
planning purposes. These acquired rights must be protected from en-
ocroachment by other users., It is unfortunate that in the FER-WD arsa,
overproduction of groundwater is inevitable and is already ooccurring,
and further, that the overproduction will result not only in higher
production costs but also in salinization of the groundwater that
will 1limit or also destroy its usefulness, Neverthelens, simple eco-
nomic analyeis indicates that groundwater is the only practical, econo~
mical water source that the FER-WD and its oconcumers oan afford, all
other sources being muoh more expensive., BEventually an alternative
will have to be developed, but probably not until after the year 2000,

Well Design and Drilling Programs

A general design for an effiolent production well for San Ferw
nando can be developed from available data, Such a design is illus~
trated in Figure VII-3. For greatest efficiency, in order to avoid
excessive drawdown and to minimize operating ocosts, thess wells should
be drilled so as to utilize the full aquifor potential and to minimize
louses. All stratigraphic zones down to a depth of 300 meters or
wore that are indicated as productive by the sleoctrio and etratigraphic
logs should be screened, because in an anisotropic aquifer such as
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this, the specifioc capacity will inorease greatly as the poreentage
of total permeable section screened inoreases. The use of oon-
tinuous wire wrapped sorzen wil. aid development and reduce hydrau-
lic head losses, It is anticipated that such wells should produoce

30 1lps at an average of about 27 meters of initial drawdown, with

the poorest wells at about 40 moters of initial drawdown. This is
believed to be conservative and is used for preliminary design and
estimation purposes beocause reliable datz ars very limiteds The
static water level ai San Fernando Poblacion is now about 10 meters
below ground level, and it is expscted to continue deoclining to in-
definite depths. Therefore, the pumphousing casing should be & mini-
mum of 75 meters long, to accommodate future static water levels plus
drawdown, and should be as long as possible without restrioting the
provision of soreen opposite permeable formation zones. The wells
should be located so as to minimize the cost and operational complexi-
ty of the distribution system, taking into account that the spacing
between wells should be as great as practical (preferably an ave-
rage of i km or more) to minimize drawdown interference. It should
be recognized that few, if any, existing looal private well drilling
firms have the necessary experience, equipment and ability to design
and construct rotary-drilled wells of good quality without external
professional supervision,

The first wells construoted under the drilling program should be
carefully tested and the results from them used to modify the desisn
of suoceeding wells, They should be pumped intemsively for several
Jears and the aquifer response monitored. The data can then be used
ar guides for further development of the well system which probably
will consist of 30 1ps wells spaced about 1 to 2 km apart. Wells de-
signed to produce 30 lps may be pumped at a greater rate if the well
is unexpeotedly £i0d and the local consumption requires greater pro-
duction., However, this preliminary estimate must be revised and
phaged into the overall groundwater development plar for the San Fer—
nando area, Any future development of groundwater for irrigationm must
be taken into consideration in the deesign of FER-WD wells,

Induced Infiltration Welln

In anticipation of a possible significant overexploitation of the
deep aquifer, making total reliance on deep wells undesirable, the
design and use of relatively shallow, induced infiltration wells drilled
in the sunds and gravels of the looal river floodplains were considered
If suoh wells were practioczl, they could probably produce as much
water at shallower pumping levels as the deep wells disocussed previous—
ly; and, sinco production would quickly be replaced by induoed recharge
from the rivers, total well field production would be limited only
by the low flow in the rivers, conflicting rights to this water, and
the quality of the river water.
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Such wells are not practical in the San Fernando area for two

. reason#, Firstly, the water of the smaller rivers and of the lower
reach of tho Pampanga River is frequently salinej and, because such
wolls essentially produce filtered river water, the water produced
would be saline. Secondly, all of the rivers are incised in narrow
channels in the normal sediments ol the Central Plain and conmsequent-
ly, lack the broad, sandy floodplain deposite necessary for the
successful operation of induced infiltration wells.

Monitoring

Basio planning for overall exploitation of groundwater resources
in the San Fernando area will be based on the limited data ocurrently
available and those derived from tests of the first production wells,
However, records of water production from all large-capacity wells
and of aquifer response to pumping arev necessary to refine the preli-
minary aquifer parameters and to revise the planning as necessary in
order to avoid the danger of overexploitation or the waste of under-
exploitation., The FLER~-WD should monitor the performance of each of
their production wells and observation wells to provide data and in~
formation for water distriet ume and for distribution to other agenoies
for overall planning and ocontrole In turn, other Central Luzon water
distriots and other groundwater users should monitor their operation
and provide appropriate data to FER-HD,

Eaoh production well should have facilities for measuring the
total amount of produoti-m or rate of production, times of operaiion
and water levels, Routine menthly observations of static and pump-
ing water levels should be recorded and daily records of pumping kepte
Water samples for bacterial analysis should be ocollected monthly and
for chemical analysis, semi-annually. It would also be desirable to
monitor statio water levels in several observation wells looated with-
in the area spanned by FER-WD wells but far enough from any well to
minimize local drawdown effects. Similar routine static water level
measurements should be taken in numerous obeervation wells surrounding
the well field at a distance.

The data from this monitoring program will provide better aquifer
parameters, indicate the magnitude ~f recharge, give early warning to
FER-WD of deterioration in water quaiity, well efficiency or pump per-
formance so that remedial action can be taken, and indiocate any une-
foreseen decline in regional water levels so that individual well
yields (which affeot local pumping levels) and design and spacing of
future wells can be adjusted as necessary. For these purposes, copies
of all FER-WD well monitoring data should be analyzed routinely by
FER-WD (if it has competent staff for such analysis) or by some asso~
clated agency competent to perform such analysis,.
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Summary of Groundwater Resources

San Fernando in located over a fairly good, widespread, relatively
uniform aquifer thal probably can supply all its projected water demznds
past the year 2000 from deep wells, each producing 30 lps or more. Howe
ever, the regional drawdowvn of groundwater levels resulting from such
punping cannot be accurately quantified because available data on
aquifer parameters and recharge are insufficient. Other data will
become available from pumping tests of the new production wells and
from the monitoring program of production and observation wells.
Although the exact rate of groundwater level decline is currently un=
prediotable, the decline will continue and static water levels will
become much deeper than ihey are today. Eventually, salinization will
result and another source will have to be found, The aquifer probably
will continue to provide water suitable for FER-WD use until beyond
the year 2000, although some aquifer zones (probably shallow zones)
may become salinized and deeper zones that are not ourrently exploited
will have to be put inte service to provide the required fresh water,
Puture well design and well field planning must be modified on the
basis of the new data to maintain local groundwater produotion for
long-term use.

Induced infiltration wells in the area are not technologiocally
feasible,.

If the intensive use of groundwater for irrigation eventually
ocours in the San Fernando area, overexploitation of the aquifer will
result, and grocundwater salinization will ocour much earlier than .
expected.

C. SURFACE WATER RESOURCES

A brief economioc analysis shows tha surface water is not come
petitive with groundwator in the San Fernando area it present because
of the high cost of treating and transporting the surface water.
However, in the distant future, groundwater may not be usable because
of salinization resulting from overpumping unless striot control
measures are taken. A brief review of potential surface water
sources is presented,

There are a number of small rivers close to San Fernando, in-
cluding the San Fernando River, which run through the poblacion.
These rivers essentially are drains for the swamps and low-lying
lands in the area. The water of these rivers is +too saline for
municipal water supply use and the minimum flows are too low for the
FER=-WD requirements in the year 2000,
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The major Pampanga River flowa about 9 km east of San Fernando
Poblacion with a minimum recorded flow of over 850,000 cumd, almost
30 times the FER-WD requirements for the year 2000, The lower
reaches of the river are made saline by intrusion of sca water from
Manila Bay. A water inteke for FER~WD use would have to be loocated
upstream of the reach of the salinigation effect which probably ex~
tends beyond the closest point on the river to San Fernando. It is
likely that the water quality of the Pampanga River will deteriorate
upstream of the soa water intrusion as a result of drainage contami-
nated with inoreasing quantities of agrioultural chemicals and other
pollutants; but, it/ is unlikely that such contamination will become
gserious enough to moke the water unfit for use if reasonable control
is exercised,

Another possible source of surface water supply is the rivers
of the mountainsg 20 km or more to the west of San Fernando. While
it is likely that none of thkese rivers alone havea minimum flow suf-
ficient to meet the FER-WD requirements for the year 2000, 8 combina~
tion of them ocould supply this requirement. These streams are looa~
ted at much higher elevationa than San Pernando and so pumping costs
would be minimized. However, these streams are widely used for irriga-
tion as illustrated by conditions on the Porac River at Porao Irriga-
tion Dam near Del Carmen, Floridablanca. In 1967, the minimum Porac
Rivar flow was 21,600 cumd a short distance upstream of the dam and
6,050 cumd a short distunce downstream of the dam, It appears that
the only potential water source for FER-WD from there streams would
be a combined irrigation - municipal water supply sturaze dam projeote

D. WATER QUALITY OF POTENTIAL SOURCES

Water samples were taken from meny of the sources, both ground-
water and surface water, discussed previously. Chemical analyses of
these samples were performed to determine the water quality with res-
yeot to potability and treatment requiremenis. The results of these
analyses are shown in Tables IV~3 and VII-5, and are briefly discussed
below.

Uroundwatexr

Since groundwater essentially passes through a& filtration pro-
cess while flowing through & granular aquiter (suck as in the FER-WD
area), and is not exposed to surface pollution, color and turbidity
or suspended solids are usually not present. For this reason, unless
other deleterious substances (such as excessive hardness, dissolved
gases or dissolved iron) are present, treatment other than disinfeot.-
ion is generally not required,

The results of water analyses of samples taken from the five exisi—
ing FER~WD wells are shown in Table IV-3, All of the well waters
analyzed fall below the "excessive" limits of the Philippine National
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Test - Permissible San Fernando River Cailugan River
Limits San Fernando Bo, Sta, Catalina
Physical
Color APHA 15 65 20%%n
Turbidity FU 5 20w 1380
Total Dissolved Solids* mg/1 500 1,560%#% 6,240 %4
Conductivity Nicromhos/om 2,400 9,600
Chemical .-

pH T=8e5 _ T35 740
Total Alkalinity ng/1 :

CaC0y - -320 140
Phenolphthalein ng/1 ) E : ’
Alkalinity CaDy . © 0. 0o -
Total Hardness mg/1 T 2 - ©

CaC03 - 400 - 321 1,812 #nun
Calcium mg/1 L :

Ca » 54 114
Magnesium ng/1 - -

Mg 50 45 366%x
Total Iron ng/1 .

Fe " 003 ° 002 0. 18
Fluoride ng/1 ) - ‘

F 15 0 0.38
Chloride ng/1 \ ‘

c1 200 613%un 3,883
Sulfate ng/1
: 0 200 27 207 %=
Nitrate 1 - .

N0 50 17.71 554
Manganese 1 )

¥n Oe1 2,2uun . 0

TABLE VII~H

WATER QJALITY TEST RESULTS
POTENTIAL SOURCES
SAN FERNANDO WATER DISTRICT

*Calculated as 65% of conductivity.

**Erceeds permissible limits set by the Philippine National Standards for Drinking Water,

*xxixceeds the excessive limits set by the Philippine National Standards for Drinking Water.

¥Re¥1imit inferred from limits of irndividual

metals causing hardness,



Standarde for Drinking Water, and below the "permissible" limite

in all respects exocept for iron content in the Barrio San Pedro well.
However, the "permissible" limits are not prohibitive but only serve
as guidelines, and in this case where the iron content is not extremely
high and where no known complaints about the water have been received,
t4he water is acceptable for domestic use without extensive treatment,
The water that will be produced from future FER-WD is expected to be
similar to the tested well waters for many years; but with long oon-~
tinued pumping and a water table already below sea level and conti-
nually declining, at least some aquifer zones will eventually begin
to produce salinized water as a result of sea water intrusion.

The conductivities of four samples from shallow, handpump wells
located very close to the Pampanga River were also measured, The re-
sults are presented in Table VII=6.

TABLE VII-6
CONDUCTIVITIES OF HANDPUMP WELL WATER

Approximate Distanoce Approximate
Upstream of River Conduotivity Total Dissolved
Well Mouth of Sample Solids
Location (km) (mioromhos/om) (mg/1)
_ Poblacion Apalit 24 1,000 650
Poblacion San Simon 30 750 490
San Nioolas
San Simon 32 500 . 325
Poblacion
San Luis 36 550 360

The deep groundwater in the area has a conductivity of albout 400 microm~
hos/om as shown in Table IV-3, The high oonductivitiss of the shallow
groundwater at Apalit and San Simon indicate oonsidercble saline in~
filtration and, therefore, indicate that ealine water intrusion ococurs
in the Pampanga River up to this point for significant periods of time.
The lower salinities upstream indiocate that there is little or no saline
water in the Pampanga River above 9an Simon. These results confirm that
the amall rivers in the San Fernando area are very saline and that the
Pampanga River is generally non~-saline. However, the evidence of saline
groundwater in shallow wells along the banks of the Pampanga River from
San Simon south indicates that this river carries saline water in its
lower reaches at some time of the year, probably low flow, high tide
periods, Thus, if the Pampanga River is ever chosen as & surface water

© VII-17



source for FER-WD, or any other munloipal water system, a long-term
salinity monitoring and study program should be undertaken at the
proposed intake site before final intake site selection is made.

The lo# conduotivity of tho Candaba Swamp water, in contrast
to the saline swamps south of San Fernando, is in agreement with
the theory that many swamps in the Central Plains result from a
combination of poor drainasge und groundwater seepage.

VII-18
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ANNEX TABLE VII=Be}

WATER WELL DATA SUMMARY
SAN FERRANDO WATER DISTRICT

CDM BPW Nominal
Hell Well Diameter
Bugber Fupber lecation )
1 19715 San Matias, Sto. Tomas 150
2 Bo. Sts. Rosario,
Sto. Tomas 150
3 HIA Bo. Del Rosario, 350
Cl=35-46 San Fernando 200
4 10862 Bo. San Pedro, FER-WD
San Fernando 200
5 6288 Capitol Site, Sto. Nifio
FER-#D, San Fernando 200
6 5769 Dolores, FER-ND,
San Fernando 200
7 Poblacion, FER-HD
San Fornando
8 Lourdes, FER-WD
San Fermando
9 436910  Bo. Saguing: Sn. Fernando112
10 426042 Sn. Agustin, Sn. Fernando 100
11 6652 Bo. San FHicolas, 150
San Fernando 100
12 425921 Bo. Bulaon,
San Fernando 100
13 Capitol Site,
San Fernando
14 425911 Dolores, Sn Fernando 150
15 436920 Bo. San Isidro,

A

San Fernando 100

Degig in Ground Surface in Meters

Total Cased

433
144.8
250 246
218.6

171.0

" 22004

18.3
63.4 -

4740
18.0

83.8
19842

18.3

EASER: 2N |

Static Pumping Test Specifio
Water Water Yield Cazpacity
level level ]lgs! §lgg[n[
hnid 7.6 - 9.1 0063 0042
o - 1.5 50.4 33.6
"1100 -35.0 44.1 1.84
Flowing Ground level (1958) .
- 8,5 =17.9 119 1.26
(1917)  (1977)  (1917)  (4977)
=15  =13.7 12.6 1.03
- 9.1 =32,9 7.4 0.31
(1977)  (19171)  (1977) - (1977)
+ 201 12.6
- 8,2 ~23¢1 192 1.29
(1977) (1977)  (19717)  (1977)
=10.7 =1842 27.0 3.61
(1917)  (1577)  (1977)  (1977)
- 901 -2501 04 0040
(1g17)  (1977)  (19717)  (1977)
- 4.6 - 607 05 0024
- 3.7 - 6e1 0.63 0.26
- 3.4 - 6o1 0.94 0.35
-}300 - 307 0044 B 0063
T=3eT =55 - .3.15 1.75
: 0 =174 13.5 0.78
- 403 - 505 0063 0052

Yaar

Completed

1955
1970
1977
1958 -
1955

1953

1969
1961

1954
1959

1953
1959

1969



CDM BPY
Well Well
Number Number
16 43676
17 436812
18 537205
19 43699
20 9715
21 43696
22 9713
23 426151
24 436811
25 18047
26 43694
27
28 43689
29 6654
30 43681
K% 5743
32 426273
33 15232
M 15233
35 10860
36
37 15233
38 19283
39 17184
40 5305
41 1974
42 5882
43 6793
44 7976
45 1977

ANNEX TABLE VII-B-{ (Continued)

Nominal
Diameter
Location mm

Bo. Pangatlan, Mexico

Bo. Anao, Mexico

Bo. San Patricio, Mexico

Bo. San Lorenzo, Mexico

Sta. Maria, Mexico

San Juan, Mexico

San Pablo, Mexico

Bo. Sto. Rosario (School
Site) Mexico

Bo. Anao, Mexico

Bo. Sto. Rosario, Mexico

San Juan, Mexico

Bo. Sta. Haria, Mexico

Bo. Cawauan, Hexico

Bo. Sto. Rosario, Mexico

Bo. Anao, Mexioco

Poblacion, Mexico

Basg Air Base 1I,
Florida Blanca

Bo. Sto, NiBho, Paguisuan,
Florida Blanca

Bo., San Jose,
Florida Blanca

112
150
150

100
150
100
112
450
150
100, 150
150
100

150
112
112

Poblacion, Florida Blanc: 250

Bo. Calantas, (School
Site), Florida Blanca

Bo. M. Jose, Florida Blanca
Bo. Sta. Manica, F. Blanca

Bo. Monacat,
Florida Blanca

Basa Air Base, F. Blanca
Bo. Calantas, F. Blanca
Basa Air Base, F. Blance
Town Plaza, F. Blanca
Valdez, Florida Blanca
Fortuna, Florida Blanca

100

Depth in Ground Surface in Meters

Static Pumping
. Hater Water
Total Cased lLevel level
76.2 hand 300 - 6.1
100.5 had 306
68.6 - Teb - 8.5
87.5 - 2.1
29'6 - 1‘.8 - 406
85.4 - 2.1
48.8 hand 2‘1 - 307
7001 - 102 - 1.8
100.6 - 2.4 bl 601
6509 - 108 - 2.7
33'5 - 3.0
98.2 - 009 - 2.1
9105 - 0.6
9105 - 009
10641 - 24
15545 ~13+4 - 403 .
35.1 - 406 - 5.5
1409 ‘- 300
16001 - 1.8 - 3.0
2308 - 6.1 - 1502
1502 hnd 0.9 ot 300
2900 - 4.6 bl 7-6
26.5 =107 - 12.8
106.7 =1440 - 16.8
21-3 - 9.1 - 10.7
11542 - 9.1 - 14.6
19.5 - 3.0 - 10.7
1618 - 601 m
1202 - 1.5 .- 3-6

VTRl

Test
Yield

Gi2s)
0,94
0.94
0.63
0.94
0.63
0.63
1.26

3105
0.54

1.26

. 945
- " 0.76
0.5

6.3

0.44
0.63
0.63

Oe44
5.17
1.0

3.7

0.32
0.63
0.63

Specific
Caga:izs'
0.3
1.04
0.22
0.59
1.05
0.7
26.25
2.35

0.32
- 0.84

525

0.05
003
0.21

0.05
1.25
0.67
0.69

0.04

0.3

Year

Completed

1969
1969
1972
1969
1955
1969
1955

1961
1968
1961
1969
1968
1968
1954
1968
1953

1962
1957

1957
1957

1969
1969
1969

1957
1951
1961
1954
1953

1955
1955



CDM
Well
Number

68

69
70

BPY
Well
Number

6634

10858
19304

43635

425012
5782
14593
426162
19355
16818
16819
53701
426011
426161
16817
6639
14524

4592

14592
16816
13164
13163
17045

17046
436917
15225

15229

Location

Bo. Sta. CI'!J.Z, Lub&o

Lubao
Sta. Barbara, lubao

Bo. San Nicolas, Lubao

San Juan, Sta. Ana
San Joeguin, Sta. Ana

Bo. San Isidro, Sta. Ana

Sapang Putut,; Sta. Ana
Sn. Roque, Sta. Ana

Be. Sae. Pedro, Sta. Ana
Bo. Santiago, Sta. Ana
Bo. 3an Isidro Sta. Ana

NPC, Bo. San Jose, Mexico
Boe Sta. Ha.l'ia., Sta. Ana

Sta. Haria, Sta. 4na

Bo. Sta. Maria, Sta. dna

Bos San Reque, Sta. Ana

Irrigation Well, Bo. Sane

tiago, Sta. Ana

Bo. Sta. Iuncia, Sta. Ana

Sta. lucia, Sta. Ana
Bo.
Bo,.
San Juan, Sta. Rita
Sen Juan, Sta. Rita

Bo.
Boe.

San Agustin, Sta. Rita
Boe.

San Jose, Sta. Rita

San Joaquin Sta. Ana
San Isjidro, Sta. Rita {42

AINEX TABLE VII-B-1 (Continued)

Nominal
Diameter
nm

100

250
60

200

100
100
100
112
100
100
100
200
100
100
100
100
100
250,
200, 150
60
112
100

150
150

100

Sta. Monica, Sta. Rita 100

112

Sn. Basilio Eleme. Sche 412

Depth From Ground Surface in Meters
M

Total

7648

284.1
73.8

79.6

5644
48.2
43.6
58
48.8
6846
5142
67.1
1174
58
44.2
68.6
50.3

13141
29
30.5
48.2
20.1
23.8
7342

48,5
3045
39
20

Static Pumping

Water Water
Cased level level

+ 1.5

+ 4

+ 0e3

+ 066

- 1.8 et 207
4706 hand 1.2 - 4.6
3745 = 15 -3
54.-6 b 1.5 - 2.4
65.5 .- 3.6 b 5.5
5006 b 4.9 - 5.8
61 - 3.6
1113 + Te1 = 4.6
57 - 2% - 2.7

- 4.6 - 7.6
41-2 - 3 - 901
48.8 .a 003 - 1.5

bad 1.2
10.4 - 2¢1 - 2.7
30.5 - 2.4 - 3
46.3 hand 2.1 -1106
17«1 - 0.61
21.3 hand 1.5 - 2.1
59.4 Flowing
43 0 043
2843 0
37.3 bt 1.5 -108
20 "306 -309

TTT TN

Test
Yield

5123[

0.%4
Flowing
9.45
0.32
Flowing
0.5
Flowing
04535
0.09
0.63
0.63
0.63
0.94
0.88

245
01Y.]
0.63
0.94
0.94

0.76
0.94
1.1
0.94
0.63
Flowing
2.5
Oe5
0.63
0.76
0.5

Specific

Capacity
lps/m

1.06
C.03
0.42
0.7

0.63
0.49
0.98

0.44
0.7

0.21
0.15
0.78

1.27
157
0.12

1.05

1.67

2.53
1.67

Year

Completed

1934
1937
19¢2

1963

1960
1953
1957
1961
1970
1957
1957
1970
1960
1961
1969
1954
1957

1968
1962
1957
1957
1956
1956

1956

1958
1969
1956
1957



CDX BPW
Well Well
Number Number
96 15226
97 15224
98 15231
99 15228
100 15227
101 17047
102 15230
103 17044
104 17043
105 17042
106 10359
107 10357
108 10358
109 10360

110

111 10361
112 5808
113 42612
114 426114
115 43577
11¢ 43566
117 436711
118 43632
119 17188
120 6640
121 5968
122 771867
123 426051
124 426132
125 5948
126 43631

#*3ta. nita

Locatian

Bo. San Vicente, Sta. Rita

#5an Isidro Elem. Sche
#Bo. Becuran Elem. Sche
#3ta. Monica Elem- Sche
#3an Juan Primary Sche
San Matias, Sta. Rita
#Dila Dila Comme Sche
San Francisco, Minalin
Sta. Catalina, Minalin
Sto. Rosario, Minalin
Dawe, Minalin

3o0. Madango, Minalin
Bulac, Minalin
Bitukang Manok, Minalin
San Nicolas, Minalin
Palanan, Hinalin

Sarn Pedro, Hinalin
Dawe, ¥inalin

Sta. Catalina, Minalin

Pulong Palasan, Candaba
PeBirng, Candaba

Bo. Lanarg, Candaba
Pasing, Candaba

Gulap, Candaba
Mandili, Candaba
Poblacion, Candaba
Paralzya, Candaba
Mangga, Candaba
fandzsig, Candaba

ANNEX TABLE VII-B~{ (Continued)

Nominal
Diameter

100
112
112
112
112
112
112
100
100
100
150
112
15C
150

150

100
100,60

112
112
100
100
100
100
150
100
100
100

Paralaya, Market Site, Candaba

San Juan, Sar Simen

75

Depth From Ground Surface in Meters
Pumping Test

Total

427
33.8
17«7
14.6
19.5
19.8
2044
94.5
82
82
57
5647
41.5
549
89.6
38.1
6.1
83.2
101.5

122.6
48.8
379
393
81.7

Te6
50.3
46.3
42.7
42.7
50.3
50.6

VII-B=-4

357

51.2
6341

87.8
45.7
57+6
3101
80.8

6.7
30.2
46.0
36.0
4247

50.6

Static
Water
level

Water

Level

° ¢ s o 0
VIOAWBE N o WO

]
n W ALY wb ok b 0 b =]
® ®

[ |
N v
e s »

- Ge1

|
\n
.
v

- 108
- 1.5

"‘14.0
- 400
- 4.9
- 601
- 300
= 3.7
= 5¢5
- 350
= 55
bl 9.1
- 7.6

- 81

Specific
Yield Capacity
‘1282 1 m
031 0.26
0.63 2.1
05 0.83
0.31 0.21
0.76 2.53
0.63 1.05
031 034
0.94
0494 157
1.9
0.63 0. 11
0.63 0.29
0.63 0.29
0.63 0.12
1.9 0.31
0.63 0.17
1.9 2.1
1e3 0.62
Flowing
0.63
0.63 0.19
0.863 0.63
0.63 0.53
0.63 0.53
0.76 127
0.63 0.29
0.95 0.38
0.76 1.27
0.32 0.53
0.32 0. 11
0.76 0.25
0.76 0.25

Year
Completed

1969
1956
1857
1957
1957
1558
1957
1958
1958
1957
1956
1956
1956
1956
1962
1956
1962
1961

1961

1967
1966
1958
1963
1957
1954
1354
1957
1960
1961
1970
1963



ANNEX TABLE VII-3-1 (Continued)

Depth in Oround Surface in Meters

CDM BrW Nominal Static Pumping Test Specifio
Well Well Diameter Hater Watar Yield Capacit,}r Yoaxr
Number Hunber Jocation (mws ) Total Cased 1ievel level {1ps) {lps/m) Completed
as 7578 San Jose, Florida
lanca 150 137 - 244 - 4.5 0.63 0.3 1955
47 537204 Bos Palmayo (School
Site) Florids Blanea 112 57«9 =159 =177 0.94 0.52 1972
48 426271 Basa Air Rase,
Florida Blanca 200,150 126.5 - 64 ~18.3 12.6 1.06 1952
49 19283 Sta. Monicz, F. Blanca 100 29.6 - 1.8 - 9.8 0.38 0.05 1958
50 19281 Valdez, Florida Blanca 100 3.1 - 3.4 - 4.3 0.63 Cs7 1958
51 19282 Bo. San Nicolas, (School
Site) F. Blanea 100 3401 - 5.2 - 505 0054 1.8 1958
52 13277 Sitio aApalit Pabanlag,
Florida Blanca 100 45,7 -17.1 =177 0.32 - - 0.53 1958
53 1927¢ San Yicolas,
54 19275 Cabancalan, F. Blanca 1 3de1 - 0.3 - 0.6 0.76 2.53 1558
55 19276 Fortuna, Florida 3lanca 100 29.6 - 1.8 - 2.1 0.94 3.13 1958
56 19274 Valdez, Florida RBlanca 100 29.6 -4 - 6.1 0.94 0.45 1958
57 18011 San Jose, Florida Blanca 100 274 - 37 - 6ot 0.74 0.32 1958
58 18210 Soled, Florida Blanea 100 34.1 - 1.2 - 2.4 1.26 1.05 1658
59 18012 Paguirauan, F. Blanca 100 29.6 - 2.4 - 3.0 0938 0063 1958
60 €657 Calangain, labac 150 32,8 + 0.6 0.32 1955
Flowing '
64 €259 Del Carmen, Labao 150 2642 - 1.2 - 4.6 0.63 0.8 1955
62 426153 Bo0. Remedios, Lubao 112 7.6 + 06 1.57 1062
Flowing 7
63 426021 Sta. Teresa, Lubao 100 69.5 + 0.3 - 03 0.57 0.95 1960
42601 School Site, San Vicente
o ‘ Labao ' 100 53.4 ~ 0.4 -3 0.94 0.36 1960
65 426251 Bos Stae. Teresa (School
Site), iubao 100 4.2 - 1.2 - 2.7 0.63 0.42 1962
66 8669 Sta. Cruz, Lubao 150 2642 + 049 1.89 1956
Flowing
Flowing

neianh ¥ e gy + 505 -89



CDHM
Well
Number

127
128
125
130

131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
16C

BFW
Well

Fumber

2651
19155
43611
6537

43692
18067
43634
436711
5651
14591
426124
16821
426023
426022
426133
426125
436622
180860
426024
426125
426143
416144
416143
5931
426024

14778
537202
10859
14789
14783
14780
19273

18271

Location

San Pedro, San Simon
San Isidro, San Simon
San Juan, San Simon

San Fedro, San Simon

Sta. Crug, San Simon
San Pablo, San Simon
Dela Paz, San Simon
San Nicolas, San Simon
San Pedro, San Simon
Sta. Cruz, San Simon
San Jjuan I, San Luis
Sto., Rosario, San luis
San Sebastian, San Luis
San Nicolas, San lLuis
Sta. Cruz, San luis
San Juan, San Luis

Sta. Ritg, Sax luis
Sta. Rita, San luis
Sto. Tomas, San Luis
Sen Juan, San Luis

Sta. Monica, San Luis
San Juan, Saa Luis
Sta. Honica, San luis
San Sebastian, San Luis
Sto. Tomas, San Luis
P. Burgos St., San luis
Cabalantian, Bacolor
Talba, Bacolor

Bacolor

Palawe, Bacolor

San Antonio, Bacolor
Talba, Bacolor

Sta., Ines, Bacolor

Fotrero, Bacolor

RNR-ZX TASLE VII-3-t (Continued)

HNominal
Diamater

150
100
112

112
112
100
112
100
100
100
100
150
112

100
100
112
112
112
112
100
100
100
112
100
250

62
100
100

Depth from Ground Surface in Meters

Total

42.7
42.7
42.7

43¢6

48.8
48.8
54.0
48.8
48.8
35.1
39.6
35.1
44,2
44,2
38.1
372
39.6
2.7
2.7
3841
42.7
38.1
45.7
451
42.7
41.8
68.6
100.6
1579
88.4
45.4
91.5
42.7

VII=B=6

Cased

3tatic
Water
level

- 300
~ 3.0
- 300

el 1.4

- 3.0
- 300
- 2e1
- 241
- 2e1

Pumping Test Specific
Nater Tield Capacit
level (ips) _(ips/m
- 3.0 0e32
- 400 0063 0.63
- 4.0 0076 0.76
- 209 1.26 0.84
- 4.0 0.76 0.76
- 4.0 0063 0.63
- 4.6 1.58 0-63
- 2.1 0032
- 3.4 0095 0073
- 4.3 0095 1.05
- 7.6 0.63 0014
hand 3.0
-~ 3.0 0632 0.36
- 209 0050 1.00
= 5¢5 0463 025
- 6e1 0.63 0.20
- 6a7 0463 0.21
- 601 0076 0025
- 4.9 0.44 0. 14
aand 601 0.63 0025
- 2.1 0.76 1.27
- 108 0076 0.84
0.32
- 3,0 0463 0e53
= 4.9 0.44
- 2.7 0. 95 0079
0,63
0.32
6430
113
0.63
0.76
0.76
0.63

Year
Completed

1969
1968
1968

1954

1969
1970
1963
1967
1953
1957
1967
1958
1960
1960
1961
1964
1969
1969
1960
1961
1961
1961
1966
1954
1960
1952
1957
1972
1957
1962
1957
1957
1968
1954



ANNEX TABLE VII-B~1 (Contirmed)

Depth From Ground Surface in Meters

CDM Brd Nominal Statiec Pumping Test Specific
Well Hell - Diameter Hater Water Yield Capacity Yoar
Fumber Rumber Location (rm ) Total (Cased level level (1ps) (1ps/m) Completed
161 PTinajero, Bacolor - 75 793 - 0.9 0,63 1969
162 18009 Sta. Ines, Bacoler 62 - --79.3 . - 3,0 - 43 0.63 0.48 1961
163 14779  Tinajero, Bascolor 112 TTe4 + 1.2 - - 076 1957
164 8256 San Nicolas II, Batis, Ml& 150 28.C - 1.5 - 2.7 0.63 0e53 _ 1955
165 43691 San Antonio, Guagua 112 82.3 + 043 - 0.9 1426 1.05 1969
166 14782 Ebllﬂ, Ouagua. 100 13.4 - 1-8 - 2.4 0.63 1.05 1957
167 43687 Betis, Guagus 112 154.0 - = 15 1968
168 17192 San Agustin, Guagua 100 43.3 - 0.8 - 15 0.76 1.09 1959
169 18020  San Miguel, Guagua 100 43.6 - 347 - 5.2 0.32 0.21 1969
170 426027 Sebitanan, Sexmoan 100 112.8 69s5 = 0.6 = 15 1.26 140 1961
171 eC774 Batang I, Sexmoan 100 1131 6648 ~ 46 4,60 1.06 1958
172 14776 San Nicolas, Sexmoan 112 512 4T¢3 = 2.4 0.95 1957
173 6702 Mzluszc, Sexmoan 104.2 + 1.8 o] 1.89 1,05 1955
174 20775 Hasumbuan, Sexmoan 100 10046 518 = 5,8 3.15 1959
175 14777 tang II, Sexmoan 112 695 69.0 <+ 0.9 0.76 1957
176 Halusac, Saxmoan 22,0 + 0.6 - 9.1 1-89 0.22 1973
177 57152 Sto. Taras, Sexmoan 100 10347 40.2 + 145 Ce95 1953
178 57153 Ste. Tomas, Sexmoan 26.8 = 0.6 ~11s6 0.32 0.03
179 14775 Bta. luciz, Sexmoan 112 43,9 36,0 = 1.8 0463 1957
180 Batang II, Sexmoan 10647 + 043 =116 2.84 0e24 1973
181 537301 San Ricolas, Sexmoan 112 54,0 39.6 = 1.5 - 3.7 0e32 0,18 1973
182 426033  Sapang Kawayan, sasantol 100 146e3  TTeT + 3e7 1.26 1960
183 6108 Caingin, Masantol 120 60.4 106 =05 =20  0.63 0.2 1954
184 426273  Poblacion, Nassutol P 1247 100 +06  -34 126 35 1963
185 426026 Bebs Matuz, Masantol 00 119.8 6341 + 046 0 0.44 0.73 1960
187 17185  Paligue, Apalit 100 78,4  69.9 + 0.3 0 0.76 2.53 1957
188 537308 Purok IV, Sucad, Apalit 112 5449 30.5 = 3.0 - 4.6 0.32 0.20 1974
189 341 PRGS-EAI, Sulipan, dpalit 150 1573 30 _30 a2z 1260 137 1974
190 537311 Puxrok II, Sucad, Apalit 112 48.2 ZL; - 5¢5 - 7.0 0.95 0.63 1974

VIIwB=]
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ANWEX TABLE VII-B~1 {Convinued)

Depth Prom Grcund Surfzce in Meters

CD¥ BPd Nominal Stetic Pumping Test Speoific
Woll Hell Diameter Hater Hater Yield Capaoity Year
Nymber  Number Location () Total (Cased level level (1ps) ‘IEZm_}_ Conpleted
131 537302 Cansinata, Apalit 112 47.9 43.9 =443 - Teb 0.32 0.10 973
132 8128 San Juan II, Apalit 150 86.9 73.5 + 0e3 1.26 - 1955
193 537203 San Juan, Apalit 112 1302 114,99 = 142 - 1.5 0.95 317 1972
194 3807 Sucad, Apalit 100 1146  43.9 + 1.8 1.07 1953
135 19255 Sulipan, Apalit 50.3 - o9 1970
195 8129 Alauli, San Vicente, Apalit 150 543 46,3 ~ 0.6 - 3.7 0.55 0e31 1955
197 8125 San Juan I, Apalit 150 51.8 42.6 = 0,6 - 941 063 0.07 1955
168 425921 Balaon, San Fernando 100 a7 17.7 = 3.0 - 3.7 0.44 0.63 1959
199 5287 Kacabebe BElem. Sch. Hacabebe 150 99.1 8906 0 N - 1.5 3.?8 2052 ’954
200 4260656 San Gabriel, Macabebe 100 129.6 122.9 + 0.8 0.6} 1960
201 7048 Bulaon, San Fernando 100 18.3 - 3.0 - 3,7 0.32 0.46 1958
202 426253 Peabtulbnlu, Poras 100 48.8 4448 ~25.0 2842 0.53 0a53 1962
203 17040 Sitio Baidbid, Sepung=Balacn
Porac 150 23.5 21¢3 =107 =122 0.95 0.63 1957
204 18059 Pla:laS, Porzo 3606 ""6-8 "'18.3 0.?6 0-051 1961
205 426017 Canga.'tba., Forac 100 1908 14-7 - 0.6 - 3.0 0063 0026 1961
206 22051 Palung Mababa, Porac 100 2041 20,0 =14.5 16,2 0.63 0.3¢ 195%
207 13156 Mengeatian, Porao 112 18.6 16.2 - 9.4 =11.0 Ce 50 Cs31 195€
2c8 13157 Hangzoatian, Forac 112 131 122 = Gat - 740 0.50 0.5 1956
209 43159 Calsadang Bayo, Porao 112 16.2 13.6 =~ 2.4 - 4.0 0.95 05% 1955
21C 13180 Jalung, Porac 112 25.9 238 ~9g,8 ~11e3 O 50 Qe23 1956
211 13161 Mitla, Porae 112 216 29,6 = 9.4 =10e 1 063 0.0 1956
242 42609 Yanuale, Forac 100 45¢4  45.% =39.9 ~40.5 0.4  0.73 196G
213 17183 Patad, Perao 190 28.0 19.5  =17.7 -2%e3 0.44 Ga 12 1957
214 13158 l‘.aniba:ng, Paras 112 11.9 9-9 - 502 - 5&5 0.82 2«73 "956
2%5 13162 Sepurg Bulaon, Porao 142 29e3 20.4 - 9.8 ~10e1 063 2. 10 1996
218 5559 Pio, Porao 112 2441 15.2 =12.8 * 0,32 1952
217 5957  Plamas, Povac 1% 3T jyry =Sl =07 G4 110 1954
218 13155 Hangcatian, Porac 112 149 13e7  ~1047 =t1a3 1956
219 14784 Palong Saniol, Porac 100 213 19.8 =446 | =949 C.dl C. 10 1957
220 10864 San Angelo Subd., Angeles 2134 - 37 "2509 1575 QuT4 1959
221 10863 Fandan, Angeles 150 128.0  T6e2 = 0.9 S 1958
222 426032 Margot, sngales 700 62.5 3544 ~27.4 «35.1 0,32 0.04 1950
223 A26025 Puleng Caocated, Angeles 100 12.7 242 ~- 3.7 - 4.9 0.38 0.48 1965
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CDH RPR
Vel vell
Nnber  Nunber
224 426111
225 10857
226 5440
227 6553
228 4260324
229 20771
230 43678
231 20241

232 6286
233 4901
234 19255
235 53712
236 425122
237 426123
238 426452
239 QG20
240 9019
241 426124
242 9530
243 9528
244 7020
245 11667
>

s g eve oy mme e .
ARNUEN TASLE Vite 2wt .

3
s

Depth From Greound Surfacs in Neters

Nominal Static Pumping Test
Diametor Water Hater Yield
Location (mm) Total Casad lewel Level (1ps)
Balibago’ Ang,'eles 100 62.5 60.4 - 2.7 = 4.6 0.95
Lourdes, 4ngeles 250 51.8 - '
' 200 10641 52.2 4.3 18.9C
Stoc. Rosario St., Angeles 200 677 - -
? 150 128.0 52.8 2.4 5.8 T.56
Sapang Bato, Angeles 150 1642 -
100 60.1 27.7 ~2648 32,0 0.38
Ma.rgot, Ang%les 100 3906 10.1 '129.9 "'32.0 0.50
Baluga Village, Angeles o2 28.7 25,0 =18.9 20,7 -  0.63
Balitago, Angeles 150 579 5Te9 - 24 - 5.5 3.78
Clark Fielid, Angeles 200 215 - ‘
? 150 106.1 72,9 -25.9 305 8.82
Kuliat, Lourdes, Angeles 138 10347 79.9 - 2.4 25,9 7.56
1
Miranda St., Angeles 200 135.7 - -
? 150 262.2 125.6 Te3 12.2 4.73
CacutOd, .é.raya.‘t 62 56.7 28.4 - 204 - 4.9 0.63
Bi‘ca.s, Aray'at 112 4402 3401 - 1.5 - 6.1 0095
MB.T-&‘T!O, Ara;ya.’b 100 34.4 3404 - 3.0 - 406 0363
2".1‘321&5, Ara}'a‘k 100 40.2 36.6 0 a 0.6 0063
Datasen, Arayat 112 25.6 183 = 3.0 ~ 4.6 2.21
Cupang, Arayat 100 5063 4643 - 46 ~1242 0.63
Lumbac, Pulilan, Bulacan 29,0 - 4.9 - 749 0.63
Inacn, Pulilan, Bulacan 25.9 0 - 4.6 0,63
Kalamig, Sto. Cristo,
Baliwag, Bulacan 112 1262 11.0 - 1e14 = 1421 0f95
VII~B=g

Specifie
Capacity

glnsZmz

0.50

2.22

0.07
Ce24
0.35
1e22
1.92

0.32

0e96

0.25
0.21
0.26
0.39
1.05
1,38
3415
0.08
0.21
C.14

132

13.57

Year

Comgleted

1961
1956

1952

1254
1962
1962
1967
1957

1954

1949

1961
1971
1961
1961
1961
1955
1955
1961
1956
1956

1954

1966



Number

CDY
Well

246

247
248

249
250
251
252
253
254
255

256

B
Well
Number

ANNEX TABLE VII~Be1

Ncminal
Diameter
Location ‘mm!

Pepsi Cola Plant,
San Fernando

Pilar Village,

San Fernande
Pilar Village,

San Fernando
Cosmos Plant, San Fernando
Cosmos Plant, San Fernando
Central Luzon Gen. Hospital
PASUDECO, San Fernando
PASUDECO, 3an Fernando
SFELAPCO, San Fernando
Coca=Cola Plant, San Fernando

Coca=Cola Plant, San Fernando

3658

118.9

304.9
304.9
13742

VII-B-10

(Continued)

Static
Water
level

= Te3
"15.5
(1977)

"'16.4 )

"'12.2 R
-1206

- 6.2
- 5.2
-12.2
- 706
- 703
(1975)
- Teb6
- 703
(1915)

Pumping Test Specific
Water Yield Capacity
level ~ (ips) _(lps/m
~1240 9¢45
C=16.6"  22,05°  5.01
6430
748
6.93"
6.93

Year

Campleted

19€6

1973

1976
1973
1975
1964
1976
1976
1975

1957

1965



ANNEX TABLE VII-B-2
CONSTANT RATE PUMPING TEST - SAN FERNANDO CDM NO. 3

Data: Start Pumping 12 February 1977, 12315 m
Start Recovery 14 February 1977, 12115 pn
Pumping Rate 441 lps
Original 8WL of

Pumping Well 11.0m
Original SWL of
Observation Well10,63 m

DRAWDONN
Pumping Well Data Observation Well Data
Pumping Time Water level Drawdown Water level Drawdown
(min) (m) {m) (m)
0 11,0 0 10463 0
05 19.90 8490 10465 0.02
1 20,65 9.65 10461 0,02 {+)
1.5 20,92 9,92 10.63 0
2 21.20 10420 10.64 0,01
2.5 21.51 10.51 10.64 0.01
3 21.87 10,87 10.64 0,01
3.5 22,50 11.50 10.65 0.02
4. 23,67 12.67 10,66 0,03
45 23,50 12.50 10467 0.04
-5 24.12 13,12 10,68 0.05
6 24435 13.35 10,70 0,07
| 24456 13.56 1073 0.10
'8 25,00 14.00 10,76 0.13
XN 25,27 1427 10,78 0.15
10 25.43 14443 10,80 0.17
12 25,80 14.80 10.86 0.23
15 26.25 15.25 10.92 0429
18 26,68 15.68 11,00 0.37
20 26,90 15.90 11.05 0.42
25 27.40 16.40 11.16 0.53
30. 27.81 16.82 11.26 0,63
35 28.17 17.17 11.36 0.73
40 28.34 17.34 1145 0,82
45 28,38 17.38 11452 0.89
50 28.65 17.65 11461 0.98
55 28.88 17.88 11.70 1.07
60 29,00 18.00 11.84 121
70 29,48 18,48 11.92 1.29
90 29,90 18,90 1217 154
100 30.05 19.05 12,26 1463
VII=B~11
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ANNEX TABLE VII~B-2 (Continued)

Pumping Well Data Observation Well Data

Pumping Time Water level Drawdown Water level Drawdown
110 30.16 19.16 12.36 1.73
120 30.29 19.29 12.46 1.83
150 3057 19.57 12.69 2.06
180 30.80 16.80 12,89 2,26
210 31.27 20,27 13.08 245
240 31.44 20.44 13+25 2.62
270 31.61 20461 13.40 277
300 31.75 20.T5 1353 2.90
330 31.87 20,87 13.66 3.03
360 31¢95 20,95 13.76 3.13
420 32.14 21.14 14.00 337
480 32.15 21.15 14.15 3e52
540 32.69 21.69 14.30 3.67
600 32,96 21.96 14.45 3.82
660 33.12 22+12 14.55 3092
720 33.20 22,20 14.70 4.07
840 33.30 22,30 14.90 4.27
900 3341 22441 14.95 4.32
960 33.52 22452 15.04 4.41

1020 33.61 22,61 1513 4.50
1080 33.72 22,72 15.19 4.56
1140 33.75 22.75 15.21 4.58
1200 33.63 22.63 1531 4.68
1260 33.68 22,68 15438 475
1320 33.74 22.74 1543 4.80
1380 33.76 22,76 15.48 4.85
1440 33.72 22.T2 15452 4.89
1500 33.78 22,78 15.56 4493
1560 33.82 22,82 1560 4.97
1620 33.92 22,92 15463 500
1680 33.94 22.94 15.68 5.05
1740 34.12 23.12 15.73 510
1800 34.21 23.21 15.80 517
1860 34.37 23.37 15.83 520
1920 34.39 23.39 15.85 522
1980 34.43 23.43 15,89 5026
2040 34.48 23448 15.94 5¢31
2100 34.50 23.50 15.98 5035
2160 34.54 23.54 16.00 537
2220 34.57 23.57 16.06 5.43

© VII=B=12



ANNEX TABLE VII-B-2 (Continued)

Pumping Well Data Observation Well Date

Pumping Time Hater level Drawdown Water lLevel Drawdown
(min) (m) (m) (m) (m)
2280 34.59 23.59 16.11 548
2340 34,60 23.60 16.14 5¢51
2400 34.67 23.67 16417 5055
2460 34,72 23,72 16.20 5¢57
2520 34.82 23482 16422 5¢59
2580 34.89 23.89 16.24 561
2640 35.08 24.08 16,28 5.65
2700 34.95 23.95 16.32 5.69
2760 34.95 23.95 16435 5472
2820 3494 23.94 16437 5.74
2880 35.00 24.00 16.38 5.75
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ANNEX TABLE VII-B-2 (Continued)

RECOVERY
Time Since Time Sinoe Pumping Well Observation Well

Pumping Started Recovery Started Recovery Raoovery
(min) (min) {m) (m)
2880 0 0 0o
2881 1 11.31 0.04
2882 2 1217 0.05
2883 3 12.78 0,06
2884 4 13.28 0.08
2885 5 13.66 0.10
2886 6 14.02 0.12
2887 1 14.32 0.15
2888 8 14.56 0.17
2889 9 14.82 0.20
2890 10 . 15.03 0.22
2892 .12 15.41 0.26
2895 15 15.86 0.34
2900 20 16446 0.45
2905 25 - 16.84 0.57
2910 30 17.20 0.68
2920 40 17.74 0.85
2930 50 18.11 1.02
2940 60 18.42 116
2950 70 18.67 131
2960 8o 18.87 141
2980 100 19.21 1462
3000 120 19.48 1.81
3030 150 19.81 2,03
3060 180 20,06 2.21
3120 240 20.45 2452
3180 300 20.73 2.77
3240 360 20,96 2496
3360 480 21.29 3.23
3420 540 21.45 3.35
3480 600 21.59 3.54
3600 720 21.80 3.69
3840 960 22.10 4.02
3960 1080 22,22 4.12
4080 1200 22.32 4.19
4260 1380 22,45 4.34.
4320 1440 22,50 4440
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ANNEX TABLE VII~B-3
CONSTANT RATE PUMPING TEST — CDM WELL NO. &

Datas Start Pumping 21 May 1977, 9:00 anm
Pumping Rate 9¢5 1ps
Original Statio
Hater Level 8.63 m

DRAWDOWN TBST
Pumping Time Water level Drawdown Pamping Time Water level Drawdown

(min) (m) (m) (m) (m) (m)
0 8463 0 22 15.98 7,35
1 13.87 5.24 24 16.13 7.50
2 14.09 5446 26 16410 T47
3 14.39 5.76 28 16413 T¢50
4 14.66 6403 30 16.16 Te53
5 14.88 6.25 32 16.10 T47
6 15.03 6.40 M 15.98 T35
1 1512 6.49 36 16.10 T.47
8 15.12 6049 38 16.16 T+53
9 15.21 6.58 40 16,22 T.59
10 15.30 6.67 45 16.25 7.62
1" 15.37 6.74 50 16.31 7.68
12 15.49 6.86 55 16.34 T.T1
13 1555 6.92 60 16.43 7.80
14 15.58 6.95 70 16,62 799
15 15.61 6.98 80 16437 T1.74
16 15.64 7.01 90 16437 T.T4
17 15.79 Te16 120 16.10 T.47
18 15.79 T+16 150 16416 Te53
19 15.85 - Te22

20 1576 T013
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ANNEX TABLE V

II~B~4

CONSTANT RATE PUMPING TEST ~ CDM WELL NO. 5

Pumping Time Water Level Drawdown

A ad b b ed ad o b d b b
COUXNAVIDWN = OWVRITAUNIHLWN O

in

Datas Start Pumping 20 May 1977, 1:00 pm
Pumping Rate 6.3 1lps
Original Statio
Hater Level 322 m
DRAWDOWN TEST
Pumping Time Water Level Drawdown

n (m) (min) (m)  (m)

9.22 0 22 28,32 19.10
20.38 11.16 24 28.41 19.19
22,57 13.35 26 28.45 19.23
24.11 14.89 28 28.53 19.31
25,10 15,48 30 28.58 19.36
25453 16.31 31 28,466 19.44
25.84 16,62 M 18.71 19.49
26,12 16490 36 28.75 19.53
26.42 17.20 38 28.77 19.55
26.80 17.58 40 28.84 19.62
27.08 17.86 45 29.17 19.95
27.21 17.99 50 29,26 20,04
27.31 18,09 55 29.32 20.10
27.59 18.37 60 29.41 20.19
2T.67 18.45 T0 29.47 20.25
2774 18.52 80 29.50 20.28
27.80 18.58 90 29,62 20.40
27.84 18.62 120 2G8.76 20.54
27.95 18.73 150 29.93 20.71
28.05 18.83
28,20 18.98

VII=-B=1¢



ANNEX TABLE VII-B-5
CONSTANT RATE FUMPING TEST — CDM WELL NO. 6

Data: Start Pumping 24 May 1977, 9515 am
Pumping Rate 18.9 1ps
Original Statio
Water Leve)l 8,33 m

DRAWDOWN TEST
Pumping Time Water level Drawdown Pumping Time Water level Drawdown
(min) (m) (m) (min) (m) (m)
0 8.33 0 22 21.55 13.22
1 15650 Te17 24 21.59 13426
2 16.93 8.60 26 21.67 13.34
3 17.91 9.58 28 21.73 13.40
4 18.62 10.29 30 21.80 13.47
5 19.12 10.97 32 21.90 13.57
6. 19.55 11.22 34 21,96 13063
1 19.89 11456 36 22,03 13.70
8 20,19 11.86 38 22,07 13.74
9 20,36 12.03 40 22.09 12,76
10 20.55 12.22 45 22.23 13.90
1 20.63 12.30 50 22,32 13.99
12 20.73 12.40 55 22.40 14.07
13 20,83 12,50 60 22.41 14.08
14 20,88 12.59 70 22,61 14.28
15 21.04 12.71 80 22,70 14.37
16 21.14 12.81 90 22.77 14.43
18 21.29 12.96 150 22.97 14.64
19 21.37 13.04
20 21.39 13.06
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ANNEX TABLE VII-B=6

CONSTANT RATE PUMPIIG TEST - CDM WELL NOe. 7

Datas Start Pumping 25 May 1977, T:00 pm
Pumping Rate 25.2 1pn .
Original Statio

Water level 10,7 m

DRAWDOWN TEST
Pumping Time Water Level Drawdown Pumping Time Water Level DIrawdown
(min) (m) (m) (min) (m) (m)
0 10.71 0 22 16.08 5037
1 14.66 3495 24 16415 5.44
2 14.86 4. 15 26 16.17 5.46
3 14.84 4.13 28 16431 560
4 15.02 4.31 30 16.35 5.64
5 15.19 4.48 32 16.39 5.68
7 15.37 4.66 36 16.54 5.83
8 1555 4.84 38 16.54 583
10 1555 4.84 45 16.67 596
11 15.69 4.98 50 16.79 6.08
12 15462 4.91 55 16,91 6.20
13 15.68 4.97 60 17.01 6.30
14 1573 5602 T0 17.10 6439
15 15.80 509 8o 17.16 6445
16 15.80 5.09 90 17.29 6.58
17 15.84 5.13 120 1755 6.84
18 15.91 5.20 150 17.78 7.07
19 15.92 521
20 1593 5e22
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ANNEX TABLE VII-B-7
CONSTANT RATE PUMPING TEST - CDM WELL NO. 8

Datas Start Pumping 20 May 1977, 9300 am
Pumping Rate 6.3 1ps
Origiral Statio
Water level 9,15 m

DRAKDOWN TEST
Pumping Time Water level Drawdown Pump Time Water level Drawdown
min (m) (m) (m (m) (m)
0 9.15 0] 22 22,03 12.88
1 16.39 Te24 24 22,16 13.01
2 18,06 8.91 26 22425 13.10
3 18.75 9.60 28 32,36 13.21
4 19.28 10.13 30 22,46 13.31
5 19.61 10.46 32 22,57 13.42
6 20,02 10.87 34 22,68 13.53
1 20,20 11.05 36 22.77 13.62
8 20,35 11.20 38 22,84 13.69
9 20655 11.40 40 22.93 13.78
10 20,73 11458 45 23.15 14.00
1 20.86 1171 50 23.30 14.15
12 21.00 11.85 55 23.48 14.33
13 21.14 11.99 60 23.68 14.53
14 21.29 12.14 70 23.90 14.75
15 21.43 12.28 80 24.07 14.92
16 21.49 12.34 90 24426 1511
17 21.63 12.48 105 24.70 15.55
18 21.70 12455 120 24487 1572
19 21.82 12.67
20 21.86 12.71
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DESCRIPTIVE DATA

GRAPHIC LOG

DEFTH CASING S8TRATIFICATION
WELL NO. (COM) __2 (M) _| (FT)
(OTHER)
LOCATION BARRIO_STO, ROSARID _—~ BROUND SURFACE
STO. _TOMAS == ==
cITY ' o . =2 = BROWN CLAY
PROVINCE PAMPANGA "B B
CONST. BY B.P.W. e I P
ORILLER == B By
STARTED :__% =S|  BLUE SANDY CLAY
COMPLETED 1970 e B Setr WITH BHELL
OWNER ___ B.PW. e I E
STATUS g I o
CASING DIAMETER_ 150 MM 28 o B2 E=Z
CASING LENGTH ___144.8 M ' e I
DRILLER'S TEST DATA: E::T §_‘-_‘_‘:
DATE =2 =
] = SLUE SYICKY CLAY
STATIC WATER LEVEL __GROUND LEVEL == ==
PUMPING WATER LEVEL 1.5 M == |==
TEST PUMP YIELD 504 LPS = =
SPECIFIC CAPACITY ___33-6 LPS/M =] » ==
B 728 230 S ;_T-
REMARKS: ﬁg .  SANDY CLAY WITH ORAVEL
re2 | 200 S8 pEAn
b gl gy verl
e I S
== E=
e b Lers e
2 [
e N efor
== EoE
== %:;: BLUE  SANDY CLAY
WATER QUALITY DATA == =22
=2 EE
== E=
Kl ot B Eoo Xt
e — ——
& U T "_‘-’-'? f‘:':
! 00l [ikg]  sano ano omaver
;' PR .

FEASIBILITY STUDY FOR WATER

1448

SUPPLY OF SECOND TEN URBAN AREAS LWUA-CDM

ANNEX FIGURE ViI-B-I
WELL DATA SHEET
WELL CDM -
SAN FERNANDO WATER DISTRICT




DESCRIPTIVE DATA GRAPHIC LOG
CASING STRATIFICATION
WELL NO. (COM) — (M)} (FT)
{OTHER) CL- 3546
LOCATION BARRIO_DEL_ROSARIO . -~ GROUND SURFACE
. PUMICE GRAVEL WITH SAND
C:QTOYVINCE SANM FE:NANM L 3‘ BROWN SILY
P PA PA GA . GRAY SAND LAYERED FINE-MED
OONST BY 'v MED-COARSE,SOME PUMICE
DRILLER (%] GRAVEL
A','\'L')
STARTED gz 9".! e | \géggl}ém atﬁuus AND
COMPLETED OCTOBER 19, [976 38 |4 02N\ "WHITE PUMICE GRAVEL WITH SAND
OWNER N.I.LA. E(E_s:\ SILY AND CLAY WITH ORAVEL
STATUS == iy { LIGHT GRAY WHEN DRY )
D=
CASING DIAMETER 350 MM_AND 200 MM =H Shwo, SowE. oRAvEL oo
CASING LENGTH._60 M AND 246 M 0]
ﬁ ﬁg‘; 2‘ "I _BROWN_SILT AND SAND
n | 2ws 31N\ S8 With wANG SHELLS
™ 2480 L._.:q\ QRAY CLAY,8OME SILT AND SHELL
DRILLER'S TEST DATA LR\ SOME SHELED e
DATE MARCH 12, 1977 i!_T-S_u:; GRAY CLAY, SOME SILY, SOME SHELLS
STATIC WATER LEVEL ;'é% M =3 =
PUMPING WATER LEVEL 2.0 M e i
TEST PUMP YIELD____44. LPS 57| 554 SAWD LAYERED. SOME ORAVEL
SPECIFIG CAPACITY —:84 LPS/M E=| [STE  BOMicE CAvens some
) i B U 27
b ol (1§ M ol
E XN, ::; ==
= I
REMARKS: &8 a —“.__ QGRAY, FINE-MED 3AND AND SILT
CL-46 WAS DRILLED DUE TO COLLAPSE R '
IN CL- 38, EACH ARE ABOUT 60-100 M. =
AWAY IN BARRIO DEL ROSARIO. s
Y GRAY,FINE-MED-COARSE 3AND
A WITH SOME PEBBLES AND
T%5  SOME SILT LAYERED WITH
‘:O;: SILTY FINE-MED~COURSY SAND
" S . SOME ORAVEL SHELL FRAG,
= SOME 3SILT LAYERS SOME
, ASH LAYERS.
- X
WATER QUALITY DATA: L9 o
A =7
250 s20 E=@

FEASIBILITY STUDY FOR

WATER
SUPPLY OF SECOND TEN URBAN AREAS

LWUA-CDM

ANNEX FIGURE VIiI-B-2
WELL DATA SHEET
WELL CDM -
SAN FERNANDO WATER DISTRICT
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DESCRIPTIVE DATA GRAPHIC LOG

4 DEPTH CASING STRATIF | CATION
WELL NO.(CDM) s (M) ] (FT)
(OTHER)
_GROUND SURFACE
LOCATION BARRIO_SAN PEDRO : : BROWN _STICKY CLAY
CITY SAN FERNANDO .8 ¥
PROVINCE PAMPANGA
GONST. BY B.PW.
DRILLER
STARTED
COMPLETED '958 BLUE STICKY CLAY
OWNER SAN FERNANDO -~ WD
STATUS PRODUCTION WELL
CASING DIAMETER ::)eoeMM
CASING LENGTH S M
7.1 220 3= = BLUE SANDY CLAY
::: ::: RS I LD
' iy Fe X | SAND AND GRAVEL
DRILLER’S TEST DATA: 833 L1 p&m hgee, [N—SAND
|958 #3.0 308 _'_',_'_‘_'_ H—” SANDSTONE
DATE — =] I =Sty
STATIC WATER LEVEL ABOVE GROUND LEVEL e B = s
PUMPING WATER LEveL. SROUND LEVEL | jorg | 338 POy |[=Rm s
TEST PUMP YIELD -+ == BLUE STICKY CLAY
SPECIFIC CAPACITY 1244 W BE B
::_:_i i:::"—; BLUE STICKY CLAY
REMARKS L O = S—
E:;'.-: ?’_—'-'—_;— BROWN SANDY CLAY
1977 TEST DATA: : Isas | 820 E=5 =g
==| E==
STATIC WATER LEVEL -8.5 M = ___-_-_:."g BLUE SANDY CLAY
PUMPING WATER LEVEL _=17.9 M == =
TEST PUMP YIELD 11.9 LPS a2 890 v T
SPECIFIC CAPACITY 1.26 LPS/M :
SANDSTONE
2108 nr
WATER QUALITY DATA!

FEASIBILITY STUDY

ANNEX FIGURE VII-B-3
WELL DATA SHEET

WELL CDM-4
strrLY oF sEcons TEn uasan ins LWUA-CDM SAN FERNANGO WATER DISTRICT




SAN FERNANDO WATER DISTRICT
zerwer cwmmomn ¥

DESCRIPTIVE DATA GRAPHIC LOG
TH
o CASING STRATIF ICATION
WELL MO, (cbd) __ S [T KLdd
wmen) 6288
L GCATION CAPITOL 8IT€, STO. NiRO .-~ GROUND SURFACE
i . E'_E‘.'g"g"-::‘: YZLLOW CLAY
H[YY SAN FERAANDOD 'Y 20 p=m
PAMPABISA = .
PROVNOE .
CMST_BY B.P- V. j.:_-:::;: BLUE CLAY "
DRILLER 01 == — k
:3—::"% 3 L
STARTED 24 | 00 s b
COMPLETED =] BLACK CLAY
SAN FERNANDO - WD 308 | 100 oS
OWNER = =]
STATUS PRODUCTION WELL e | 120 =S SANDY cLAv
CASING DIAMETER __8 INCHES (200 MM) =
CASING LENGTH 56! FEET (17L0 M) === BLUE STICKY CLAY
8 | 0 EES s
DRILLER'S TEST DATA : == BLACK CLAY
DAYE 63 207 foorr
STATIC WATER LEVEL__-I.5 M ADOBE CLAY
FREE FLOWING | o | 230 pEEA
PUMPING WATER LEVEL ~I13.7M_ I B FINE SAND
TEST PUMP YIELD 12,6 LPS ‘ b
SPECIFIC CAPACITY ___103 LPS/M SAND WITH GRAVEL {
884 290 '
|
REMARKS ° BLUE STICKY CLAY '-
1977 TEST DATA: f
STATIC WATER LEVEL___-9.1 M toer | 350 7’ /// oonE
PUMPING WATER LEVEL _-32.9 M a0 | s7a A
TEST PUMP YIELD 7.4 _LPS %] | o| 3aND wiTh oRavEL ;
SPECIFIC CAPACITY 0.3} LPS/M ne.s | 390 = =S ]
2 ::_ BLUE STICKY CLAY
== =]
WATER QUALITY'DATA: ‘ 328 | 438 Bwed oo -
ADOBE CLAY
::I": :ii HLUE STICKY CLAY 3
144.. po SANDSTONE
5 ' SANDY CLAY
130.9 493 - .
OLUE STICKY CLAY i
. :::'; ;‘4‘,’ rrrrkrd 777 B L —_— :
189,80 s57 Lo 1 SANDSTONE 1
171.0 361 bl Lar 2
!
!
}
,}.
t
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DESCRIPTIVE DATA

GRAPHIC LOG

DEPFTH CASING STRATIFICAT iON
WELL NO. (coM) —8 (M) ] (FT)
(OTHER) 5769
LOCATION WATERWORKS , DOLORES o _ren_s-— "SROUND SURFACE
CITY SAN FERNANDO ‘.5; S ST sAwDy cuav
PROVINCE PAMPANGA re | s ==
CONST. BY B.RW. ===| vELLOW BTICKY CLAY
DRILLER ==
STARTED s | 100 pole PRI
COMPLETED 1953 TR ENPTRN 50y g S
OWNER SAN FERNANDO - WD == B
STATUS PRODUCTION WELL =II| [ R T ek
CASING DIAMETER _ 200 MM ws | 1es B =
CASING LENGTH 220.4M o5.6 o .=—__= ===] 8LUE STICKY CLAY
K . SAND
8.7 200 padd [l
=== = YELLOW STICKY CLAY
DRILLER'S TEST DATA: 1y | = r@ SAND
DATE == =
STATIC WATER LEVEL-1 2.1 M Zoz| S euue stiky cuay
PUMPING WATER LEVEL == E5
TEST PUMP YIELD 12.6_LPS == E5
SPECIFIC CAPACITY 1220 | 400 ADOBE  CLAY
120.0 420 AT @
ADOBE ROCK
138.7 448
SANDY ROCK !‘
REMARKS:
182.4 800 SAND WITH GRAVEL
1977 TEST DATA: 187.9 81o
STATIC WATER LEVEL __~8.2 M !
PUMPING WATER LEVEL __~23.1 M SANDSTONE
TEST PUMP YIELD 19.2 LPS ‘
SPECIFIC CAPACITY 1.29 LPS/M war | e j
SAND AND ORAVEL i
199.4 [ .2
SANDS TONE ’
2204 723
WATER QUALITY DATA: A l
F
; s t I,
'4‘
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FEASIBILITY STUDY FOR WATER ~ |
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DESCRIPTIVE DATA GRAPHIC LOG

_ y DEFTH CASING | STRATIFIGATION
WELL NO. {COM) M | T
(oTHeR) _ 22:9%°1 GROUND SURF
LOCATION DOLORES ' ACE .
" CITY SAN_FERNANDO 6.1 20 BROWN CLAY .
: 1GHT BLUE |
PROVINGE PAMPANGA 31| —BLOE CLA W SHETCS
CONST. BY. B.PW. BROWN CLAY A
ORILLER 22.0 72 - |
STARTED . BROWN STIiCKY CLAY 1
368.8 120 e ——
gslh::&ET ED ':g; SZ=| BLUE BTICKY CLAY
P 44.3 182 Pt
STATUS =
CASING DIAMETER__(50 MM BROWN STICKY CLAY
CASING LENGTH___198.2 M =] -
732 240 i‘:_‘-‘_:
i—_":_:: BLUE STICKY CLAY
DRILLER'S TEST DATA: 8% | 43 e AT T M
DATE == EB=
STATIC WATER LEVEL _|G7R%UND LEVEL === |[===| 8LuE sTIcxY cLay
PUMPING WATER LEVEL /-4 M == E=
TEST PUMP YIELD 135 LPS T P = . ~ .
SPECIFIC CAPACITY___0.78 LPS/M 280 | 410 e
129.0 428 -
BLUE 8AKRDY CLAY
REMARKS: 1463 480 —
BLVL. STICKY CLAY
» " [iera 898
.198.2 680
WATER QUALITY DATA: . ‘
i
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I DESCRIPTIVE DATA GRAPHIC LOG
sy
. 7 : )DE"T(” — CASING STRATIFICATION
WELL NO. (COM) M | (FT
(OTHER) 436812
. LOGATION BARRIO ANAO MEXICO ~~GROUND SURFACE
CITY a0 ‘o o= =21 saxov cuav
PROVIMNCE P AMPANGA ) = AboBE
CONST. BY. B.PW. 50
DRILLER 10.7 3 EaFER s BLUE CLAY
STARTED 18.7 43 e 5
COMPLETED. 1969 3ANO
OWNER B.P.W. 213 70
STATUS
CASING DIAMETER SANDSTONE
CASING LENGTH_100:6 M 2.0 108
ADODE
DRILLER'S TEST DATA!
DATE 47,9 187
STATIC WATER LEVEL.~3-6 M
PUMPING WATER LEVEL
TEST PUMP YIELD
SPECIFIC CAPACITY SANDSTONE
REMARKS: -
.75.8 240
; ADOBE
. 98.6 308
‘ T SANDSTONK t
* .100.6 ' 330
WATER QUALITY DATA!
Ty -
! ) Ll
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DESCRIPTIVE DATA

GRAPHIC LOGG

DEPTH CASING STRATIFICATION
WELL NO. (COM) 27 M) | (FD)
(OTHER)
LOCATION BARRIO SANTA MARIA - ~~GROUND SURFACE
CITY MEXICO =
PROVINCE PAMPANGA =5 SROWN CLAY
CONST. BY B.PW. =)
7.¢ 20
DRILLER . % n@; SAND
STARTED _.-_"__';-:_:.:: BLVE CLAY
COMPLETED 1968 a7 o =
OWNER BPW :=":‘-..__-: BLUE CLAY WITH SHELL
STATUS EE
CASING DIAMETER 150 MM 22.0 72 e
CASING LENGTH ==
‘ = |==T YELLOW CLAY
DRILLER'S TEST DATA
DATE 9.0 120
STATIC WATER LEVEL._—0.9 M SAND
PUMPING WATER LEVEL 2. ! M 44.2 | 143 ADOOE
TEST PUMP YIELD 3.5 LPS 47.0 154
SPECIFIC GAPACITY 26 25LPS/M 24KD
80.9 ([ 14
ADOBE
88.8 1.} 4
SARDSTONE
REMARKS. Ty 194
ADOBE
. 68.6 228
N .
N SANDSTONE
\07.5 287
ADOBE
90.9 298
WATER QUALITY DATA: °
o SANDSTONE
R ‘98,2 22
ANNEX FIGURE Vii-B-8
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DESCRIPTIVE DATA

GRAPHIC LOG

. DEFTH CASING STRATIFICATION
WELL NO.(com) -89 (M) | (FT)
(OTHER) 10858
LOCATION LUB.O 3., . —-GROUND SURFACE
SITY =
PROVINGE PAMPANGA SLUE  CLAY
CONST BY B.PW. ¢
DRILLER
STARTED il B
COMPLETED 1957
OWNER B.P.W.
STATUS BLUE STICKY CLAY
CASING DIAMETER _250 MM =]
CASING LENGTH.__ 2841 M === |
23 | 287 loeem
72.9 239 =1 _E:mfx SAND
DRILLER'S TEST DATA:
DATE ===
STATIC WATER LEVEL__—9 M ===
PUMPING WATER LEVEL ===
TEST PUMP YIELD ===
SPECIFIC CAPACITY ==
REMARKS: ‘ g B Cplp
\ . =] EE= BLUE STICKY CLAY
“ o Soles
. o o=
WATER QUALITY DATA: . = ':if-_E:
‘ .- 24138 792 oo
. ‘ BROWN SANDY CLAY
' N 25%0.0 820
2583,7 a32
SANDY CLAY
\ 274, 899
LIGHT BLUE CLAY AND SHELLS
2084 232
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CHAPTER VIII - ANALYSIS AND EVALUATION OF ALTERNATIVES
A. GENERAL
This chapter ldentifies and evaluates the alternatives for source
development, treatment facilities, transmission, distribution system
and storage to meet peak-hour demands. Other water conservation and
augmentation alternatives are also discussed.

Bs WATER SUFPLY SOURCE ALTERNATIVES

Surface Wat2r Sources

The San Fernando River flows through the San Fernando poblacion
and the present water service area from north to south. During the
dry season, the river flow is very low espeoially upstream from the
San PFernando poblacion. The portion of the river flowing through the
San Fernando core area is badly polluted. Since the water of the
San Fernando river is badly polluted for municipal water supply use
and the minimum flows are too low for the FER-WD requirements in the
Year 2000, the San Pernando River is therefore not a potential source
of water supply.

The major Pampanga River, above 9-km east of San Fernando pob-
lacion near the munioipality of San Simon, at Barrio San Juan, has a
minimum recorded flow of over 850,000 cumd, almost 30 times the FER-WD
requirements for the year 2000,

The usc of surface water from Pampanga River would entail the
construction of a diversion structure and oomplete water treatment
works. In addition, two sets of pumps are necessary - a 80t of low~
1lift pumps to lift raw water to treatment vorks,and a second set of
hich-lift pumps to pump treated water to the distribution system.

Anothur nossible source of surface water supply is the rivers of
the mountains 20 km or more to the west of San Fernando. A combination
of these rivers could aupply the FER-D requirements for the year 2000,
gince none of these rivers have a minimum flow sufficient to meet
this requirement. Forthese streams 1o be used as the water source for
FiR=-WD, a combined irrication~-municipal water supply storage dam project
is only practical since those streams aro widely used for irrigation.
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Analysis of samples from the FER-WD deep wells shows that the
chemioal constituents are within the acceptable limits of the Philip-
pine National Standards for Drinking Water,

The deep well in Barrio San Pedro has 0.53 mg/l iron content, ex-
ceeding the permissible limit of 0.3 mg/l. Iron in trace amounts is
essential for nutrition and drinking water containing iron in unpala=-
table and unesthetic concentration would have little effect on the
total daily intake. However, iron and manganese tend to preoipitate
as hydroxides and stain laundry and porcelain fixtures,

The water from the San Fernando River exceeds the permissible
limits for color, turbidity, total dissolved solids, conduotivity,
manganese, chlorides and total hardness. The water from the Cailugan
River exceeds greatly the permissible limits for color, turbidity,
total dissolved solids, conductivity, total hardness, calcium, magne-
sium, sulfate and nitrate.

Water from deepwells within the FER=-WD, if designed and constructed
with proper safeguards, would not require any treatment. However, in
order to preserve the good quality of water throughout the distribution
system, disinfection would be necessary at the sources. Disinfection
is disoussed in detail in Appendix Jy Volume II. For economic and
practical reasons (ready availability of the equipment, easy supply and
application, and lasting effectiveness), chlorination is the recommended
process of disinfection.

D. DISTRIBUTION ALTERNATIVES
General

This section presents the distribution alternatives oonsidered for
the FER-¥D. The recommended improvement program for the water system
is discussed in Chapter IX,

The components of a water distribution system and some of the alter=
natives in planning a system are discussed in Appendix K, Volume IX.
The design oriteria for the distribution system are given in Appendix
F, Volume IT. Appendices F and K were largely developed for the First

Ten Provincial Urban Areas and are applicable to moderate~size communities,

The Second Ten Provincial Urban Areas ave generally smaller and the para-
meters presented in Appendices F and K must be applied with discretion,
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Analysis of samples from the FER-WD deep wells shows that the
chemical constituents are within the acceptable limits of the Philip-
pine National Standards for Drinking Water,

The deep well in Barrio San Pedro has 0,53 mg/l iron content, ex-
ceeding the permissible limit of 0e3 mg/le Iron in trace amounts is
esgential for nutrition and drinking water containing iron in unpala=
table and unesthetic concentration would have little effeot on the
total daily intake. However, iron and manganese tend to precipitate
as hydroxides and stain laundry and porcelain fixtures.

The water from the San Fernando River exceeds the permissible
limits for color, turbidity, total dissolved solids, conduotivity,
manganese, chlorides and total hardness. The water from the Cailugan
tiver exceeds greatly the permissible limits for color, turbidity,
total dissolved solids, conductivity, total hardness, calcium, magne-
sium, sulfate and nitrate,

Hater from deepwells within the FER-WD, if designed and oconatruoted
with proper safeguards, would not require any treatment. However, in
order to preserve the good quality of water throughout the distribution
system, disinfection would be necessary at the sources. Disinfection
is discussed in detail in Appendix Jy Volume II. For economic and
practical reasons (ready availability of the equipment, easy supply and
application, and lasting effectiveness), chlorination is the recommended
rrocess of disinfectione '

D. DISTRIBUTION ALTERNATIVES

General

This seotion presents the distribtution alternatives oonsidered for
the FER-WD. The recommended improvement program for the water system
is discussed in Chapter IX.

The components of a water distribution system and some of the altere
natives in planning a system are discussed in Appendix K, Volume II,
The design criteria for the distribution system are given in Appendix
F, Volume II. Appendices F and X were largely developed for the First
Ten Provincial Urban Areas and are applicable to moderate-size communities.
The Second Ten Provincial Urban Areas are generally smaller and the para-
meters prosented in Appendices F and K must be applied with discretion.
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Particular attention has been given to the requirements of fire
flow in the FER-WD, In general, fire flow is applied at various loca-
tions in a system coincidentally with maximum-day demands, and the
pipelines are sized to convey the required flow at specified head losses.
In large communities, the total peak=hour is greater than the maximum=
day flow plus fire flow and therefore relatively minor adjustments are
required in the pipe system to provide fire flows In the smaller com=
munities, especially small barrios some distance from the poblacion,
the fire flow alone oan be 3 or 4 times the total peak-hour demand.

Providing adequate fire flow to areas where the fire flow may be
far greater than the ultimate peak demand is rarely justified economie
cally; but some fire protection should be provided. In this study,
information is given on the available fire flow at various locations
where the system has been designed for conditions other than fire flows

The flows used for the design of the various components of the
distribution system for the FER-WD are as follows (see Water Demand Pro-
Jections, Chapter VI),

1280 19%0 2000

Water demand (1pcd) 230 220 225
Served population 16,980 54,650 109,580
Average daily water demand (oumd) 3,910 12,020 24,660
Maximum-day water demand (cumd ) 4,690 14,420 29,590
Peak-hour water demand (cumd ) 6,840 21,040 43,150
Pressure Zone

The ground elevations within the Yyear 2000 servioe area would range
from a low of 5 meters in Barrio San Nioolas to a high of 30 meters in
Barrio Del Rosario., An area with such a emall variation in ground ele-
vations could be served from one pressure zone with a HGL of 50 meters.
However, the greater part of the service area, including the poblacion,
lies at an average elevation of only 6 meters, which oould be served at
a lower HGL. Sorving this area from a HGL of 34 meters (overflow ole-
vation of Dolores gtorage tank) would mean the wtilization of the exist-
ing tank and reduction of pumping head over the ares with the highest
water demand, and thereby reducing operating costs, However, with 34
meters as static HAGL the area above the 20-meter contour could not be
served adequately. This area could either be served from a separate
Pressure zone or in the same pressure zone by locating two of the wells
at an area above the 20-meter contour. The projected water demand of
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the area above the 20-meter contour is very small compared to the
total projected demand of the water district. Serving this area as

a separate pressure zone will not have considerable effeot on the
total number of wells and storace volume requirements of the area
below the 20-meter contour. Therefore, serving the whole service

area in one pressure zone by locating one well at Barrio del Rosario
and one woll at Barrio San Isidro to serve the ares ahove the 20-meter
contour would appear mere cost~effective. The capaoity of one well

is more than enough to meet the demond of the area above the Z0-mater
contour. However, two wells are reoommended to be constructed in this
area because of operational considerations as discussed in the suoceeding
gection. At least one of these weils must be operated at all times
during the day to insure adequate pressure and to avoid large pressure
fluctuations over the area.

Storage Feciiities

Storage facilities are provided in a distribution system to meet
hourly fluctuations in demand over the day. The usual requirement for
operational storage is 15«20 perocent of the maximum-day volume, assuming
the source of supply is capable of providing water at a rate equal to
maximum—day demand.

In the flat areas of Central Luzon, storage is usually provided
by means of an elevated storage tank., This type of tank is very costly
in the Philippines because it must be designed to withstand high seismic
loadings. An alternative method of meeting demand fluctuations has
been investigated for FER-WD.

As previously discussed the least-cost source alternative for FER-
WD is pumped groundwater. It is vossible to install additional pumping
capacity above the maximum-day demand rate in order to meet part of the
peak-hour fluctuations and thereby reduce the amount of storage required.
The rationale for providing additional pumping capacity and a curve to
be used in estimating the required storage volume based on various supply
rates is presented in Methodology Memorandum No. 5. An economic analysis
comparing the coste of providing additional supply or storage for FER=
WD is presented in Table VIII—{.

Table VIII~1 shows that, in the VER-WD, providing additional pumping
capacity to meet hourly fluctuations in demand would be less costly than
providing extra storage volume. It is recommended that additional pumping
capacity be provided in FER-WD and that the volume of storage be minimized.
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TABLE VIIY~%
ALTERNATIVE STORAGE VERSUS ADDITIONAL SUPPLY ANALYBISI/

Alternative 1 Alternative 2 Alternative 3
(Maximum (Intermediate  (Minimum

Storage) Storage) Storage )

Storage Required (%)3/ 12.53 6.0 2.57
(Volume ,oum) 3,500 1,790 760

Present Hoiﬁh Cost (P x 1000)
Storage 2,059 1,365 292
Operation and Maintenance 189 218 224
Total P 4,115 P 4,109 P 3,972

Distribution sttem

The analysis for the distribution system of San Fernando generally
followed the guidelines given in Appendices P and K. Unlike the Pirst
Ten Areas Feasibility Studies, computer analysis for the Second Ten
Provincial Urban Areas considered pipelines smaller than 200 mm in dige
meters For a munioipality the size of San Fernando, there would be very
few pipelines greater than 200 mm in diameter even in the year 2000.
Thersfore, the minimum pipe size used in the computer analysis is 100 mm,

The distribution analysis did not include studies of various altere
native pipeline oconfigurations because the location of the ripes is
controlled by the locations of existing and proposed roadways and the
barrios to be served. However, the analysis included alternative locations
of wells.

1/;nalyaia inoludes all facilities to the yoear 2000,

g/Pbrcentage of maximum~day demand.

é/&ncludes only additional storage to one 380-cum storage tank;
the other 380 oum tank would be abandoned because of its poor structural
condition.

ﬂ/&ncludes differential costs only.
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The location of the wells is partially controlled by the distance
between wells to minimize drawdown interference. Another criterion
for well location is the location of the centers of demande Generally,
it is cost~effective to locate wells near oenters of demand to reduce
pipeline sizes in other parts of the distribution systeme In locating
wells at centers of demand, the capacity of the wells must be congie
dered. Hydraulically, the most efficient well capaoity would be equal
to the water demand in the area of the well. However, it would be more
practical to have wells of about the same capaoity for ensier operation
and ocontrol of the pumping rate as demand fluctuates.

It appoars that the well capacity in San Fernando would be about
31.5 1lps (500 grm). If wells of this capacity were oonstructed, rela-
tively few wells would be required. Having few large-capaoity wells
presents two problems. The first is that the overall cost of pipelines
would inorense as larger sizes would be needed to supply water to remote
parts of the system. The mecond problem is that, with relatively few
large—~capacity wells, flow rates could only be changed in large inorew=
ments. During periods of low demand, the large pumps would have short
cycling times. A more efficlent method of operation is to have smaller
capacity wells so that the operator can oontrol the flow to match the
changes in demand closely. The rate of increase in the yearly water
demand of FER-WD is gradual, thus, making medium~capacity wells of about
25¢2 to 315 1ps (400 to 500 gpm) more desirable than the high—capacity
vells, Distribution main sizes have been analyzed based on the mediume
capaoity wells, The locations of wells are shown in Figures IX-1,
and. IX-4, The locations of the proposed wells would have to be confirmed
after collecting adequate pump testing data during oconstruction of the
initial wells The proposed wells should be coordinated with the NIA to
prevent any confliot with the locations of its Ffuture irrigation wells,
If' future well looations and capacities are significantly different from
those proyposed in this atudy, additional analyses will have to be made
to determine sizes of the distribution maina,

Fire Protection

The distribution system analysis for FER-WD included the investi-
fation of available fire protection in the servioe area for each design
periode The fire flow rates for two types of areas -~ commeroiaL/
indusirial or high-density residential area and single~family residential
trea-pre asvumed to be 20 lps and 10 lps, respectively at two adjacent
hydrants. (See Appendix K)e Available fire flows for areas where full
Tire protcotion is not satisfied are presented in this section as  per-
centagegof these standards of fire protections Figure VIII~1 shows the
extent of the firo service areas in FER-WD for ihe year 2000 servioe areae
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At present, fire protection does not exist in most sections of
San Fernundo because there is little or no water pressure most of the
days In order to provide fire protection, there must be adequate
pressure in all water pipelines 24 hours per daye

The immediste imrrovement program, which is aimed at providing
adequate domestic service to existing consumers and increasing the
number of consumers to provide a larger financial base to pay for
future improvements, does not include full fire protection. If the
program were designed to provide full fire protection to the consumers,
the cost of improvements required would become too high for the pro—
gram to be feasible.

The distribution improvements recommended under the immediate
improvement program, including the existing facilities, would be capable
of providing 70 to 90 percent of the required fire flow to most sections
of San Fernando. However, portions of barrios Dolores and Sta. Lucia
which are located at the far end of the service area, would have fire
protection of about 35 percent of required fire flow. Some of the exist=
ing fire hydrants would require rehabilitation to provide partial fire
rrotaction.

For design years 1990 end 2000, the recommended improvements would
provide full fire protection for the whole service area since wells
spaced at 1 km apart would be operating throughout the service areae.

To insure fire protection, & general rule is to operate the well nearest
the location of fire.

The preceding discussion on fire protection relates only to the
capacities of distribution mains. In providing fire protection, an
adequate number of fire hydrante also have to be considered for the various
service areas. The primary oriterion for providing fire hydrants would
be the degree of development in a spocifioc area. In Chapter IX, a sche-
dule of fire hydrant construction is included, based on the projeoted de-
velopment in San Fernando.

System Operation

This section includes various operational aspeots of the alternative
distribution systems. While there are no distribution alternatives for
San Fernando, there are alternative source locations and source capaoities
which could present definite operaticnal problems,
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4s previously disoussed, the loocation and capaoity of the wells can
affect the operation of the system with regard to meeting demands and
pressure requiremente. Computer analyses were conducted on several conmbi-
nations of demands and number of operating wells. In the analyses, only
operating problems that commonly occur, such as one well being out of ser-
Vice or an error in judgment as to which wells should be oporating, were
considered.

Unusual operating conditions, such as meeting maximum or peak demands
8t minimum pressures when two or more wells are not in operation, were not
congidered. The cost of providing adequate service under all possible
operational conditions would be prohibitive so that only those operating
conditions that would reasonably ocour were analyzed.

The principal operating problem investigated in San Fernando was when
one of the wells has become inoperable. This may occur if one well breaks
down or if a well is out of service for routine maintenances, In the area
below the 20-meter contour, peak hour could be met *iith any one well being
inoperable. However, if only one well ip located in the area above the
20-meter contour and becomes inoperable, minimum pressure even at minimum
hour condition could not be attained in this area,

Two alternatlives were analyzed to determine the most economical way
to solve this operational problems Alternative 1 is to locate two of the
recommended wells, each of 31.5 lps (500 gpm) capacity, in the area above
the 20~meter contour line and alternative 2 is to construct two smaller
wells equivalent to one 31.5 1lps (500 gpm) well in the same area, Table
VIII-2 shows the total construction and present worth costs for the two
alternatives coneidered. The analyses indicate that it is more cost-
effective to construct two of the recommended wells than to construct two
smaller capacity welles equivalent to one 31.5 1ps well in the area above
the 20~meter contour line. At least one of the two wells loocated in that
area must be operated in any part of the day to insure good pressure.

hAs & general rule, the distribution syvtem should be operated utilizing
as many wells as possible outside the poblacion to meet water demands,
This operational procedure has the effeot of maintaining a high HGL in the
outlying areus, while the storage tank maintains an adequate gradeline
within the poblacion.

Besides problems of pressure in the system due to well operation, the
schedule of operation has also to be considered. The pump oparation sche=-
dule is based on the water level within the tank and rressures in various
sections of the system, If the tank level drops, a suffiocient number of
wells would have to be operated to refill the tank. However, the major
problem in thiy operation sohedule is the time available to control the
number of wells in operation as the water level and pregsure fluoctuate.
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As experience is gained in the operation of wells, & schedule of ope-
ration based on normal demand schedules may be devised, Ifa satisfactory
schedule is devised, the system may go unattended for several hours,

TABLE VIII~2
ALTERNATIVE ANALYSIS ON OPERATIONAL PROBLEMY

Construction Cost (P x 1000) Eggaent Worth Cost (P x 1000)
Alternative 1 Alternative 2 Alternative 1 Alternative 2

Hblllé/ 968 1,452 59 a8
Pumping Station 206 315 14 22
Pipeline 126 440 39 24

Total 1,900 2,207 12 134

Internal Network

A general discussion of the internal network for distribution system
is inoluded in Appendix X, Volume II.i The amall size of the FER-WD does
not affeot the application of the recommendations contained in &Zppendix K
since these are the minimum pipeline sizes recommended for any oity.

E. ALTERNATIVES FOR WATER CONSERVATION AND AUGMENTATION

In San Fernando, groundwater is also used for irrigation and other
purposes, There is a possibility for the groundwater source to be overe
pumped, ocausing a decline in water availability in the area, Steps should
be taken to conserve water and possibly to augment present sources.

There are several alternative measures for conserving water. These
alternatives depend on sophistioated technology in the case of water reuse
and desalting or on governmental policy in the case of land mansgements
Appendix M, Volume II im a disoussion of these conservation and augmenta~

tion alternatives,

cilities common to both alternatives are not included,
Costing is for one-500 gpm well for alternative 1 and two-250 gpm
wells for alternative 2, . .
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ANREX VIII-B
SOUIE OF FACILITIES FOR ALTERNATIVE STUDIES



ARNEX TABLE VIII~B-1
ECONOMIC SERVICE LIFE OF WATER SUPPLY FACILITIESI/

Economic Service

Item Life (Years)
Embankment Damag/

Embankment 50

Structure 50

Equipment 50
Water Treatment Plants

Structure 50

Equipment 15
Uroundwater Wells

Well 25

Structure 50

Equipment 1%
Transmission Facilities

Pipes 50

Valves 50
Distribution Faocilities

Pipes 50

Valves 50
Internal Network

Pipes 50

Valves 50

Hydrants 50
Service Connections

Servioce Pipes 50

Water Meters 15
Disinfection Facilities

Structure 50 (may depend on

Equipment 15 associated facility)
Storage Facilities '

Structure 50

Equipment (specialized, other 15

than pipes and valves)

Misoellaneous Structures 50
Miscellaneous Mechaniocal Equipment 15
Vehicles T

l/&he economio service lives presented here have been used
throughout this report whenever facility replacemont or present
wor‘l;h2 lysis has bheen required,
Although the physical life expectancy of oertain facilities,
suoh as dam embankments, is greater than the economic service life
indicated, the latter more realistically refleots the useful life of
the faoility. '
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